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ABSTRACT 


The relationship between the sea-surface normalized radar cross 
section and the friction velocity vector is determined using a parametric 
two-scale scattering model* The model parameters are found from a non- 
linear maximum likelihood estimation. The estimation is based on the AAFE 
aircraft scatterometer measurements and the sea-surface anemometer measure- 
ments collected during the JONSWAP *75 experiment. The estimates of the 
ten model parameters converge to realistic values that are in good agree- 
ment with the available oceanographic data. The rms discrepancy between 
the model and the cross section measurements is 0.7 dB, which is the rms 
sum of a 0.3 dB average measurement error and a 0.6 dB modeling error. 
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Introduction 


Satellite microwave scatterometers offer a unique opportunity to 
gather high-quality • real-time data on the wind field over the world's 
oceans. The scatterometer directly meabt’.res the normalized radar cross 
section (NRCS) of the sea surface. The correlation between the NRCS and 
the surface wind vector has long been knoim [Skolnik, 1970]. However, 
until recently the lack of accurate NRCS measurements for a variety of 
viewing angles and wind-sea states has prohibited the quantification of 
this correlation. The data collected during the NASA Langley Research 
Center's . dvance Application Flight Experiment (AAFE) [Jones, Schroeder, 
and Mitchell, 1978] now provides the means to precisely determine this 
correlation. 

In this report, a maximum likelihood estimation technique in conjunc- 
tion with a two-scale scattering model is used to determine the relation- 
ship between the NRCS and the surface wind vector. The surface wind vector 
is expressed in terms of a friction velocity vector pointing in the up- 
wind direction. The vector formulation for the two-scale scattering model 
is presented in the first section. The formulation contains two distribu- 
tions that characterize the sea-surface roughness. These are the slope 
probability density function (pdf) for the large-scale sea waves and the 
wavenumber spectrum for the small-scale waves. The large-scale (small-scale) 
waves are those having wavelengths greater (smaller) than the radiation 
wavelength. In the second section the distributions are expressed in para- 
metric form, with the model parameters being directly related to oceano- 
graphic observables. The non-linear maximum likelihood estimation of the 
model parameters is described in the third section. The estimation is based 



on the AAFE aircraft scatteroseter o^asureoents and the sea-aurface 
anemometer measurements collected during the JON SWAP *75 experiment. The 
last section contains the results of the estimation and the conclusions. 
Appendix A contains computer printer plots showing both the NRCS measured 
during the JON SWAP *75 experiment and the NRCS computed from the model. 
Tables of the NRCS versus friction velocity, incidence angle, relative 
azimuth angle, and polarization appear in Appendix B. A list of symbols 
and abbreviations is given in Appendix C. 

The results are very encouraging. Ten model parameters are estimated, 
and in all cases the estimates, which are not constrained by a priori in- 
formation, converge to realistic values that are in good agreement with 
the available oceanographic data. The rms discrepancy between the model 
NRCS and the 1491 JONSUAP *75 measurements is 0.7 dB, which is the rms 
sum of a 0.3 dB average measurement error and a 0.6 dB modeling error. 
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The Geometric Optics NRCS and the Bragg NRCS for Backscatterlng 


The NRCS model is based on the two-scale scattering theory. In 
particular, the footprint of the incident radiation is segmented into regions 
having dimensions large compared to the radiation wavelength. These regions 
will in general be tilted with respect to the mean surface across the foot- 
print. A tilt probability is assigned, and the overall NRCS is found by 
integrating over the regional NRCS weighted by the tilt probability and a 
geometric factor necessary to ensure energy conservation. Furthermore, the 
NRCS for a particular region depends upon the wavenumber spectrum of the 
sea-surface roughness within the region. This dependent's is due to Bragg 
scattering by sea waves having wavenumbers similar to the radiation wave- 
number. 

The formulas for the bistatic NRCS are given by Wentz [1977]. We now 

consider the special case of backscatterlng in which the radiation Is 

scattered back towards the source. In terms of the Incident and scattered 

propagation unit vectors, k. and ic , this special case is specified by 

1 s 


k 

s 



( 1 ) 


Under condition (1) the bistatic formulas for the NRCS take the form 


n —V — ► -V -V ^ 

c°(k^,E^;-k^,E^;N) 




( 2 ) 


The two teims represent the geometric-optics NR('S and the Bragg NRCS. Vec- 
tors E. and f are the incident and scattered polarizat5on unit vectors; and 
1 s 

is the unit normal to t.i mean sea surface subtended by tlio radar footprint. 
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The geometric optics NRCS Is 




( 3 ) 


where P^(-k^) Is the probability density function (pdf) for the regional 
surface normal unit vector n evaluated at n « -k^. The scattering function 
S (*••) is a modification of the Fresnel power reflection coefficient for nor- 
mal incidence and accounts for the reduction in reflected power due to Bragg 
scattering. It is a product of second order perturbation theory and hence is 
a complicated function to compute- In order to simplify the treatment, we do 
not directly compute it but rather let it be an additional parameter, denoted 
by R, to be estimated from experimental data. The shadowing function 
is not included in (3) nor in the subsequent equations because it is essen- 
tially unity for the incidence angles out to 70®. 

The Bragg NRCS is 


®b ^^1 *^1 ’ "^1 ’^s 


47T 


(4) 


G(ki,Ei;-ki,Es;n) » Ibirk** u(-k^*n) (n*N)"U-kj^*n)'*F(tc^,n) Sj^(kj^,^j^;-k^,^^;n) 

(5 

where the integral is over all differential solid angles dn. The quantity 

k la the radiation wavenumber and u(***) is the unit step function. The 

wavenumber spectrum of the sea-surface roughness within a region having a 

normal n is denoted by F(k, ,n), with k, being the Bragg vector wavenumber. 

D b 


» 2k [(n*ic^)n - 


( 6 ) 
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(7) 


The magnitude k. of k. Is 

D D 

- 2k [1 - 

The wavenumber spectrum Is normalized such that its integral over all 
vector wavenumbers is equal to the mean squared elevation variation. The 
remaining term in (5) is the Bragg scattering function and is given by the 
following expressions: 


<■%■> “w - “Li' <«> 

■ (1 - e)/lcos0^ + (e - sin^S^)^] (9) 

2 

■ (e - l)(e sin^0^ + e - sin^0^)/[€ cos0^ + (e - sin^0^)^] (10) 

®h * (11) 

^ ^ ^ ORIGINAL PAGE IS 

\ = OF POOR QUAUTY (12) 


where denotes complex conjugate. The quantitv e is the relative permit^ 
tivity of the air-sea interface and 0^ is the angle made by the incident 
propagation vector and the regional normal. 


cos 0^ == -k^*n (13) 

For a radiation wavenumber of 2.^M cm“\ the relative pormi ttivity is the 
complex number (40.1, -39.3) [Porter and Wont/., 1971). 
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The above equations for the Bragg NRCS are based on the application 
of perturbation theory to Maxwell's equations [Rice, 1951]. In the case of 
backscattering, the perturbation theory requires that the radiation wave- 
length be large compared to the nns elevation variation of that portion of 
the wavenumber spectrum F(lc,n) which is responsible for the backseat taring » 
i.e., ^ 9 where k is the magnitude of k. Equation (7) shows that for 

the case of no tilting when n ® ll, the Bragg wavenumber is 

jc, « 2k sin 6. (14) 

D i 

where 0^^ is the incidence angle given by 

cos (15) 

For incidence angles greater than 40^, calculations show that the capillary 

waves having a wavenumber similai to ic, satisfy the small-scale perturba- 

b 

tion requirement. However, for small incidence angles the requirement is 

not met because of the rapid increase in the capillary wave amplitude with 

decreasing k^. Thus the Bragg scattering theory should begin to breakdown 

at some incidence angle 0, less than 40^. 

b 

Although the exact nature of the breakdown is not known, the experi- 
mental data do show that the NRCS experiences a smooth transition between 
the Bragg region and the small-angle region where geometric optics scatter- 
ing dominates. We assume that for angles smaller than the Bragg scatter- 
ing i:.cchanism becomes less efficient, and as a result the contribution of 
the Bragg NRCS to the total NRCS diminishes with decreasing 0^. In partic- 
ular, we require tliat the Bragg NRCS and its first derivative with respect 
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to 0^ go to zero at 6^ » 0. The smooth transition shown by the experimental 
data indicates that the cutoff to zero is not abrupt, but rather the Bragg 
NRCS merges with the geometric optics NRCS. In view of this and the above 
requirements, we choose the following function to represent the Bragg NRCS 
for 0. < 0, : 

1 D 

a°(^l,Ei ; * B tan^6^ expf-T tan^0^), 0^ < 0^ (lo. 

For 9^ ^ 6^ equations (4) through (13) are assumed valid* The coefficients 
S and T are fixed bv requiring and its first derivative with respect 

D 

to 0, to be continuous at 0* * 0, • 

1 lb 

As the surface roughness increases, the breakdown point 6, also 

b 

increases because a larger portion of the wavenumber spectrum violates the 
small-scale perturbation requirement. We use the total rms regional slope S 
as defined in the next section as an indicator of surface roughness and 
assume the following relationship holds: 

tan 0^ « t S (17) 

where t is a parameter to be estimated from the experimental data. It 
should be emphasized that (16) and (17) are purely empirical, ^ther tech- 
niques for modeling the Bragg NRCS at small incidence angles were tried, 
but with less success. 
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The Two-Scale Roughness Distributions 


In the NRCS model the sea-surface roughness is characterised by two 

distributions: (1) the pdf for the regional surface normals and (2) 

the wavenumber spectrum F(*c,n) for the roughness within a region having a 

mean normal n. The pdf P (n) is specified in terms of the pdf P (S ,S ) 

n sue 

for the regional upwind and crosswind slopes., and S^. The slope pdf 

is assumed to be a Gaussian [Cox and Munk, 1956] having zero mean, ^ero 

correlation, and standard deviations S and S for the upwind and . w" iU 

u c 

slopes. It is related to the normal ndf by 

P (n) » P (S ,S ) (18) 

n sue 

«= -n*U*'(U, (n*M)] (19) 

« -n*Nxp^/[U^(n*N)] (20) 

The vector is the friction velocity vector pointing upwind and is 

its magnitude in cm/sec. The factor (n'N) is the Jacobian relating the dif- 

ferential area dS dS to the differentia] solid angle dn. 
u c 

— —2 __2 V 

The total rms slope S * (S^ + )'^ is highly correlated with the 

friction veloiiiv [Cox and Munk, 1956: Wentz, 1977]. The correlation is 
assumed to haw the form 


S 


s + 
o 


log 


( 21 ) 
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The upwind and crosswind rms slopes are then given by 


S - ?/(l + 


( 22 ) 


S « pS (23) 

c u 


where p is the ratio between S and S . The parameters p, s , and s, are to 

c u o 1 

be estimated from experimental data. 

The Bragg NRCS for large incidence ngles is given by an integral over 

P (n), as is shown by (4). In terms of differentials the relationship be^ 
n 

tween P (n'^ and P (S ,S ) is 
n sue 

dn P (n) = dS dS P (S ,S ) (24) 

n u c s u c 


The integral is evaluated by substituting (24) into (4) and then applying 
the method of steepest descent. This procedure results in the following 
expression* 


D 

% 


(k ,t -J) 

11 is 



u 



1 


;n(s',S^I 
IS u c 


( 25 ) 


where C •) is given I>v (5) and n(**«) is the function for (%ilctilating the 
surface n(>rmnl fri>m flu* surfaro slopes. 


n(S ,S ) = f-S It /II - S (Nrli^)/U. + N]/(l + + S^)' 


(26) 


The set of slopes, (s'’) and fs'^), appoarinK ns arguments in (I”)) are 

u c 

{S ,-S ,0,0} and (0,0, S ,-S } respect iv^^l y. 
u u re 


OF POOR QUAUl* 
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The portion of the vavenimber spectrun F' u) responsible for Bragg 

backseat taring is those vavenuabers that are siallar to the radiation wave* 

mnber. The radiation uavenufid>er for the NRCS neasureaents to be considered 

-1 ^ ^ 

in the next sections is 2.91 cm » and hence F(ic»n) corresponds to the 
capillary sea waventnber spectrun. The capillary spectnat exhibits a power 
law dependence on wavenuBd>er {Mitsuyasu and Honda, 1974]. Furthenaore, we 
assuae that the spectrua is syanetric about the projection of the friction 
velocity vector onto the plane orthogonal to n, and we retain only the 
reroth-order and first-order directional haraonics. Under t^ese assuaptions 
the spectrua takes the fora 

F(K,n) - A (ic /V)** (1 + A CCS 2'») (1 + B S /S ) (27) 

am r u u 

The leading term A is the zeroth-order harmonic of the wavenumber spectrum 
m 

at the point of ainimuin phase speed given by * 3.63 cm The exponent q 

is the oowr law, and A Is the ratio of the first-order harmonic to the 

r 

zeroth-order harmonic and is assumed independent of k. The quantity f is 
the angle between »c and the projection of the friction velocity vector 
o^'to the plane orthogonal to n. 

cos ^ * <*nx(U^xn)/{ic jnx(U^xn) ( 1 (28) 

The straining of capillary waves by the orbital motion of larger waves is 
accounted for in (27) by the third term in the parentheses. This term 
veig’ the spectrum according to the upwind regional slope A poittive 
straining coefficient B means that regions on the downwind slope of a large 
wave have a higher capillary spectrum than regions on the upwind slope. 
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Wavecank and radar experiiaents [Mitsuyasu and Honda. 1974; Wentz, 

1977] indicate that the capillary aoplitude A Increases .-ipproximately as 

n 

the square of In view of this the following correlation between and 
is asstoaed: 


log A » a + a log U* 
m o 1 * 


(29) 


where A is in cra\ The parameters a and a, along with q, A . and B are 
D o 1 r 

to be estimated from experimental data. 
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Maximum Likelihood Estimation of the NRCS Function 


riie NRCS function defined in the previous two sections contains ten 
unknoim model parameters » which are listed in Table 1 appearing in the next 
section. The values for these parameters are found using th^* technique of 
maximum likelihood estimation. The estimation is based on the aircraft 13.9 GHz 
scat terome ter measurements and the sea-surface anemometer measurements 
collected during the JONSWAP *75 experiment. The aircraft flew an assort- 
ment of straight lines and circles over 36 different wind-sea states. We 


let cj 


ij 


denote the actual synoptic NRCS corresponding to the jth measure- 


ment of the 1th wind-sea state. The actual S3moptic friction velocity and 


wind direction for the ith wind-sea state are denoted by and X^. The 
usual superscript o on c and subscript * on U are deleted to abbreviate 


the notation. The sea-surface NRCS is then 




vhern ^ij^***^ NRCS function discussed in the evious sections. The 

subscripts ij on f implicitly denote the incident piopagation vector, the 
mean sea-surface normal, and the polarization for the ith, Jth measurement. 
These three parameters are assumed to be exactly known. The elements of 
the set are the unknown model parameters, where the subscript p 

denotes the number of elements in the set and in this case equals 10. Im- 
plicit in (30) is the assumption of a perfect model. The effect of the 


Tiode^*-^^ error on the estimation is discussed at the end ot this section. 


The unknowns that are to he estimated are the model parameters 


the friction velocities {U) , and the wind directions (x) . whore v 

V V 
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Indicates the number of wind-sea states and equals 36. The measurements on 

which the estimations are to be based are the NRCS measurements (o) . the 

n 

friction velocity measurements and the wind direction measurements 

{X}^. The nuod>er n of the NRCS measurements equals 767 for vertical polar- 
ization and 724 for horizontal polarization. The bar is used to denote 
measured quantities as opposed to their actual values. The total parameter 
set is then 


and the total measurement set is 

'>'V2v ■ 

For the case being considered the number n of NRCS measurements is much 
greater than the number y of model parameters, and hence the estimation 
system is over-determined. 

The most complete statistical description of the unknowi >arameter 

set {x} , m = y + 2v, is the conditional probability density that the 
m 

parameters are within the neighborhood ti’x} of {x} , given the measurement 

m m 

set {y} > n * n + 2v. The probability density is given bv the following 
n 

extension of Bayes’ equation: 


P^x} |{y> ) 
m n 


P({xU 

m 


n 

n 


1-1 


({dx> P(fxl ) 
m m 


n 

1-1 


P(y ( {x} ,{y} ) 

t ’ m t“l 


P(y. Ifx) .{yl ,) 
t m i-l 


(33) 
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The nutxlimnn likelihood estimation of the parameter set (x) Is defined as 

in 

the ri»r which P({x) |{y} ) Is a maximum. 

m n 

Tlirt f' conditions are imposed to simplify the problem: 

1. No a priori information is available on the parameter set; i.e., 

P({x} ) is a uniform distribution over (x) space, 
n m 

2. The noise from one measurement to the next is uncorrelated; i.e.» 
the probability of measurement y^ depends only on the noise of the 
ith measurement and on the actual value of the measured quantity. 

3 . The measurement noise is Gaussian distributed. Chi-square tests 
indicate that the error structure in the NRCS measurements and in the 
friction velocity measurements is closer to log-normal than normal. 

In view of this, the NRCS and the friction velocities are expressed 
in terms of logarithms for estimation purposes, while the wind 
directions are expressed in degrees. 

I'nder these three assumptions (33) takes the form 


P({x} I {y}) 


exp[-g({x},{y})] 
/(dx> exJt-g(ix}:Ty}Tl 


(3A) 


,c r X • , t y ; > 



j-1 


ii 




^>X^,{p»] 


2Ao 


ij 


(35) 


vh.’re standard deviations (sd) in t lu' friction 

Vo!ocitv, wind direction, and NRCS measurements, • aiul ''.j* 
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The integer is the ntimber of NRCS measurements of the ith wind-sea 
state. The set subscripts indicating the number of elements are deleted 
in (35) and in the subsequent equations in order to simplify the notation. 

Tl»e NRCS function ^jj^***^ i® nonlinear. However, before treating the 
nonlinear problem, it Is instructive to consider the simpler situation in 
which the 'unction is linear in terms of U^, X^, and the model parameters 
{p}. In this case P({x}|{y>) is a multivariate Gau&sian distribution. The 
maximum likelihood estimation of the Ith parameter x^ is the mean value of 
the parameter, and is given by 

<Xf> -/{dx> p({x}l{y}) (36) 


It should be noted that the set {<x>} of mean values is also the set for 
which P({x}l{y})is a maximum. The evaluation of (36) is equivalent to 
finding the least-squares solution to (35). In particular, we use House- 
holder orthogonal transformations [Bierman, 1977] to solve the least- 
squares problem and to obtain <x^>. This method of orthogonal transforma- 
tions also vields the covariance between the parameters x and x . 

In terms of probabilities the covariance is 


Cjj = J*{dx} (Xj - <Xj>)(xj - <Xj>) P({x)|{y}) 


(37) 


The nonl ino*irity of the model function is treated iteratively bv solving 
for the set of parameters that maximizes P({x}({y}). This is accomplished 
by expanding ^£j^***^ ^ first order Taylor’s series about a first-guess 

set of friction velocities, wind directions, and model parameters. The 
first guesses for the friction velocities and wind directions are the 


15 



anemometer measurements^ {U} and {X}* The specification of the first*guess 
set of model parameters is discussed in the next section. The partial 
derivatives in the Taylor's series are numerically evaluated as finite 
differences. This linearised version of the NRCS function is then substi- 
tuted into (35)* and equations (36) and (37) are solved using orthogonal 
transformations. Another Taylor's series is then constructed with the newly 
calculated set {<x>} of mean parameters being the base of the expansion. 
This procedure is continued until the series of sets {<x>} converges. 

In practice* exact convergence is not achieved because of numerical 
noise* possibly due in a large part to the use of finite differences. After 
about 7 iterations the fluctuation in a given parameter from one iteration 
to the next is of the order of the computed sd for that parameter. Seven 
more iterations show that these fluctuations have approximately a zero 
mean. In other words the computed parameter set seems to be confined to 
within a region in (x) space having dimensions of the order of the computed 
sd. The results discussed in the next section are based on the parameter 
set and the associated covariances computed after 14 iterations. 

The computation of the parameter set and the associated covariances 
requires that the sd sets {AU}, (Ax), and {Ao} be specified. For the first 
iteration each element of {AU} is set to 0.5 dB and each element of {AX} 
is set to 10^. These values are typical of the errors inherent in the 
objective wind field analysis used to specify fU) and (x). Each NRCS 
measurement represents an average of about 5 to 10 independent samples. 

The sampling error is calculated by dividing the sd of the samples by the 
squar"' root of the number of samples. These sampling errors* which typi- 
cally are about 0.3 dB* are then used to specify {Aol for the first 
iteration. 
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After the first iteration the sd of the differences between all the 
estimated friction velocities and the measured values is computed. This 
calculated sd is then used to specify {AUf for the next iteration. The set 
{Axl is updated in the same way. The procedure is repeated for each itera- 
tion. After 14 iterations the friction velocity and wind direction sd converge 
to values of 0.9 dB and 9^ respectively. These computed sd are in good 
agreement with the first-guess values of 0.5 dB and 10^. 

The updating of the set {Ac} requires that the modeling error be com- 
puted. After the first iteration^ we compute the variance of the difference 

between the measured NRCS ^ and the NRCS , computed from the estimated 

ij ij 

parameters. This computed variance is the sum of two components, one due 
to measurement errors and the other due to modeling errors, and is given 
by 


(1/n) E E (»., - o,,)^ 

i=l j=l 


(l/n) Z E ^ 

i=l j = l 


(38) 


where n is the total number of measurements. The measurement variance 

(Aa^ ) equals the square of the samplinc error. The model variance 
ij mea 

(Aa? ) , is found from (38) by assuming; that it is constant for each 

ij mod 

measurement. 


t . 

V 1 


(Aci 2) = (i/„) ^ ^ („ 

mod 7 ^ i 

j-i 




men 


( 39 ; 


The variance fbe next iteration is then assumed equal to the sum 

of the measurement variance and the model variance. 
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( 40 ) 



(Aof ) + (Ao^) 

Ij mea mod 


This procedure is repeated for each Iteration. After 14 iterations the sd 

(Ao) . of the modeling error converges to a value of about 0.6 dB. 
mod 
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Results and Conclusions 

As mentioned In the previous section > the non-linear estimation of 
the model parameters requires aa initial, first-guess for the set of 
parameters. The first guess must be realistic if the estimation technique 
is to converge. No a priori information on the model parameters is assumed 
and as a result the parameters are free to vary from the first-guess values. 

The initial values that are used appear in Table 1. The power reflec- 
tion coefficient R is set equal to the Fresnel power reflectivity of sea 
water for normal incidence* At a wavenumber of 2*91 cm*^, the reflectivity 
is about 0.61, depending slightly on the water temperature* As a first 
guess, we assume that the Bragg scattering mechanism begins to break down 
at incidence angles in the vicinity of 30^. Under this assumption, the 
breakdown parameter t takes a value of 3. The parameters Sq, s^, and p 
appearing in the regional slope pdf are initialized to the values derived 
from Cox and Hunk’s [1956] sun glitter observations of a clear sea surface. The 
first guesses for the regression coefficients a^ and a^ for the capillary 
spectrum amplitude are found from Mitsuyasu and Honda’s [1974] measurements 
of the capillary spectrum in a wind-wave channel. The narameter A^ is the 
ratio of the first-order to the zeroth-order directional harmonic of the 
wavenumber spectrum. The relationship between A^ and the ratio p of the 
crosswind to the upwind rms slope is 

ORIGINAL 

OF POOR 

= 2 (1 - p2)/(i + p2) '' (41) 

The first guess is found by substituting the first-guess p into (41)» The 
capillary spectrum power law q is initialized to Phillips' I 1966] value of 


PAGE IS 

quality 
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TABLE 1. ESTIMATED NRCS MODEL PARAMETERS 


Parameters 

First Guess 

Horizontal Polarization 
Estimate 

Vertical Polarization 
Estimate 



Mean 

Sd 

Mean 

Sd 

R 

0.6090 

0.4425 

0.0100 

0.4095 

0.0099 

t 

3.0000 

3.6126 

0.1033 

3.8253 

0.1007 

s 

0.0492 

0.0612 

0.0034 

0.0540 

0.0035 

s 

1 

0.1160 

0.0872 

0.0026 

0.0926 

0.0029 

P 

0.8660 

0.9661 

0.0038 

0.9701 

0.0044 


-8.4300 

-9.3980 

0.2954 

-10.2008 

0.3508 


2.2500 

2.8226 

0.2079 

3.2118 

0.2465 

A 

r 

0.2860 

0.4649 

0.0099 

0.6356 

0.0077 

q 

4.0000 

4.4970 

0.1759 

5.3281 

0.1671 

B 

0.0010 

0.4932 

0.0138 

0.2447 

0.0217 
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4 for an idealized capillary spectrum. Because of the lack of Information 
on iIk’ straining coefficient B, simply assign to it a value near zero. 
Tlinl is to say, we initially assume that no straining occurs. 

Separate estimates are done for horizontal and vertical polarizations. 
The parameters are Independent of polarization, and hence the estimates for 
the two polarizations should agree. In general, the agreement Is fairly 
good with the one exception noted below. In Table 1 the estimated mean 
and standard deviation (sd) for each parameter are listed. 

The estimate of the power reflection coefficient R is one third less 
than the Fresnel power reflectivity. This decrease is in accordance with 
the two-scale scattering theory, which predicts that the capillary waves 
scatter power away from the specular direction. The estimate of the para- 
meter t indicates that the Bragg scattering mechanism begins to break down 
and becomes less efficient for Incidence angles ranging from 30® to 40®, 
depending on and increasing with surface roughness. 

The regional slope pdf parameters s^j, s^, and p are in fair agreement 
with the first-guess values derived from Cox and Hunk's sun glitter data. 

It should be noted that our slope pdf excludes the shorter capillary waves 
and that Cox and Hunk's pdf does not. A noticeable disagreement occurs be- 
tween Hitsuyasu and Honda's capillary amplitude regression coefficients Bq 
and aj and the values estimated from the scatterometer measurements. The 
scattsrometer data indicat*' a steeper increase of capillary wave amplitude 
with increasing friction velocity. This disagreement is probably due in 
part to the scatterometer data being limited to calm and moderate wlnd-&ea 
states. We expect that the Inclusion of rougher wind-sea states will tend 
■.o flatten the estimated capillary amplitude versus friction velocity rela- 
tionship. The capillary amplitude derived from the horizont.il polarization 
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data is larger than that derived from the vertical polarization data. We 
feel that the apparent Inconsistency is due to wave crests that backscatter 
horizontal polarized radiation but not vertical polarized radiation [Kalmykov 
and Pustovoytenko, 1976]. This backscatterlng adds to the Bragg backscatter, 
making the capillary amplitude seem larger than it actually Is. 

The capillary anisotropy ratio is larger than that derived from the 
Cox and Hunk data. It appears as if the short capillary waves are particu- 
larly anisotropic. The estimated power law q is greater than tKe va.1 -e of 4 
for a pure capillary spectrum. The larger value is most likely due to vis- 
cous attenuation, which is an important process for the capillar'' wavss 
being viewed by the scatterometer [Kinsman, 1965]. The estix f the 
straining coefficient B has a positive value, and this indicat*.. •.nat the 
capillary spectrum is higher on Che downwind slope of Che larger waves. 

This result is in agreement with Keller and Wright's [1975] wave tank 
experiment. 

Once all the NRCS model parameters have been determined, the NRCS func- 
tion for a given polarization is expressible in terms of three variables: 
the friction velocity U^, the Incidence angle 0^^, and the relative azimuth 
angle between the friction velocity vector and the projection of the 
Incident propagation vector ic^ onto the mean sea surface having a normal N. 

cos = iJx(kjxiJ)-u*/[|ifx(it^x^)|u*] (42) 

The NRCS function is then simply denoted f 

Appendix A contains computer printer plots showing both the NRCS 
measured during the JONSWAP '75 experiment and the theorutical NRCS com- 
puted from f (0^* For each polarisation, 36 different wind-sea states 
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were ()h?^t*rved, ranging In friction velocities from 13 cm/sec to 53 cm/sec* 
The first set of 36 plots is for horizontal polarization, and the second 
set Is lor vertical polarization. Each set is ordered according to in- 
creasing friction velocity. The plots of the NRCS versus incidence angle 
correspond to the straight line aircraft flight.*, and the plots of the NRCS 
versus azimuth angle* correspond to the circle flights. The overall agree- 
ment between the measurements aid the theory is excellent. rros dis- 

crepancy is 0.7 dB, which is t! e rms sum of the 0.3 dB measurement sampling 
error and the 0.6 dB modeling error. We are particularly pleased with how 
well the model reproduces the upwind-downwind a35rmmetry in the circle plots. 
In the model, this asymmetry is due solely to the straining of the capillary 
waves ‘v the orbital motion of the underlying larger waves. Also, the model 
closely tracks the experimental data through the incidence angle region trom 
15® to 30®. This region corresponds to the transition from geometric-optics 
scattering to Bragg scattering. 

The NRCS function f 1? abulated in Appendix B. Each page 
corresponds to a particular friction velocity and polarization. The inci- 
dence angle 0^ ranges from 0® to 70® in 2® steps. The relative azimuth 
angle ranges from 0® to 180® in 10® st* 's. The full 0® to 360® range 
need not be shown borausc ^ even function of The 

range in friction vr\ ity is from 5 cm/sec to 50 cm/s»cc, in 5 cm/sec steps. 
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APPENDIX A 


Computer Printer Plots of the Theoretical 
NRCS and The Measured NRCS 
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- 11.0 

•11.5 

- 12.0 

-12.5 

-13.0 

-13.5 

•14.0 

-14.5 

-15.0 

•15.5 

-16.0 

-16.5 

-17.0 

-17.5 

-18.0 

-18.5 

-19.0 


flight line run 
13 4 1 


THEORY • 4MM 
JONSWAR 79 DATA • X 


X4RRXRX X 

XXX X X«4 X «*X4 4469X64 

XXX X*44 444 4464X X 

X X X*XR* X 

♦•♦•«*X«R4X X **«*«*«**4i«X X X 


0 . 


30« 


60, 


90. 120. 150. 180. 210. 240. 270. 300. 390. 360< 




RADAR AZINUTH ANGLE EAST FROH NORTH 



NRCS VERSUS AZIMUTH ANSLE 


FREQUENCY • 1S*9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • I6«S CM/SEC 
WIND OUT OF 1ST. DEGREES EAST OF NORTH 
INCIDENCE ANGLE • SO* DEG 


NRCS 
fOD) 
-Z9.0 
-29*5 
- 30.0 
•30*5 
-31*0 
-31.5 
-32.0 
-32.5 
-33.0 
-33*5 
-34.0 
-34.5 
-35.0 
-35.5 
-36.0 
-36.5 
-37.0 
-37.5 
-36.0 
-36.5 
-39.0 
-39.5 
-40.0 
-♦0.5 
-•l.S 
1 .5 

-♦1.5 

-♦3.0 

-43.5 

-44.0 


flight tine run 
13 4 It 


THEORY • * 00 ** 
JONSNAP 75 DATA • X 


X X XX 
X X 

X 

000 

00 *00 X 

X 0* *0 

* * X 

X 00 

0 0 
0 0 

X0 X 0**«*00t0 

*00 0 0 000* X X 

00 0 * 4i« X 

XX * * 44 XXX 

44 00X X 4* •• 

X 4PP* X 

X XX 

XX X 

X Vi/ 


30/ 


60« 


90. 120* 150* 160* 210* 240* 270* 300. 330. 360. 


RADAR AZIMUTH ANGLE EAST FROM NORTH 



N(tC!» VfeftSUS A^inuiH AN<»Lt 


FREQUENCY ■ 13*9 GH2 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY - 18.1 CH/SEC 

WIND OUT OF 9l« DEGREES EAST OF NORTH 
INCIDENCE angle • 20* DEG 


NRCS 

fOB> 

- 2*0 

-2.5 

-3.0 

-3.5 

-A.O 

-A.5 

-5.0 

-5.5 

- 6.0 

-6.5 

-7.0 

-7.5 

- 8.0 

-8.5 

-9.0 

-9.5 

- 10.0 

-10.5 

- 11.0 

-11.5 

- 12.0 

-12.5 

-13.0 

-13.5 

-19.0 

-19.5 

-15.0 

-15.5 

-16.0 

-16.5 

-17.0 


, THEORY • ••••♦ 

flight line run JONSM»l> 75 D«T» • X 

U 4 1 


•XRX X X 

• X 


X X*9A 

X X9X9X X X 


X9XAX9X9X9X9X9 

X X X«XR« X*A«« X X 

X X«X9X«X9X9X9*9 


30. 60. 90. 120. 150. 180. 210. 290. 270. 300. 330. 360< 


RADAR AZIMUTH ANGLE EAST FROM NORTH 





NRCS VERSUS AZIMUTH ANGLE 


FREQUENCY • 13*9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 21.8 CN/SEC 

NINO OUT OF 201* DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 20* DEG 


NRCS 
(DB) 
-l.O 
-1.5 
- 2.0 
-2.5 
- 3.0 
-3.5 
-4.0 
-4.5 
-5.0 
-5.5 
- 6.0 
-6.5 
- 7.0 
-7.5 
- 6.0 
-6.5 
-9.0 
-9.5 
- 10.0 
-10.5 
- 11.0 
-11.5 
- 12.0 
-12.5 
-13.0 
-13.5 
-14.0 
-14.5 
-15. C 
-15.5 
-16.0 


flight line run 
16 4 4 


THEORY • •♦♦♦♦ 
JONSWAP 79 DATA • X 





♦♦♦♦♦ 449X 

«« X X 


X «•««« X 

XXX 

XXX 

X 

X XX 


**X* X X X X 

X X4X X XXX «494 

444X4X X 4«*«* 



0. 30. 60. 90. 120. 150. 160. 210. 240. 270. 300. 330. 360< 


RADAR AZIMUTH ANGLE EAST FROM NORTH 


BLANK dot 0UKP 



FREQUENCY • 13*9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 25*2 CH/SEC 

WIND OUT OF 203* DEGREES EAST OF NORTH 
INCIDENCE ANGLE • AO* DEG 


NRCS 

CDB} 

-17.0 

-17.5 

-le.o 

-16.5 

-19.0 

-19.5 

- 20.0 

-20.5 

- 21.0 

-21.5 

- 22.0 

-22.5 

-23.0 

-23.5 

-2A.0 

-2A.5 

-25.0 

-25.5 

-26.0 

-26.5 

-27.0 

-27.5 

-26.0 

-26.5 

-29.0 

-29.5 

- 30.0 

-30.5 

- 31.0 

-31.5 

-32.0 


flight line run 
16 4 9 


THEORY • 

JONSH&P 79 DATA • X 


4>4> 
• X 

X X 

• 

X / X X ♦ 

X « 

X X«*» *• 

X X X*A ♦♦ X 
•♦♦♦ X 
XXX 


♦ •X* 

X9 X9 

X X*X 

♦ X 
* 

« X 

« 

* X 

94 > *0 

X«X X«X 

♦ X*X* 

• X X ♦♦ 

♦ ♦♦X 


0. 30. 60. 90. 120. 150. 160. 210. 260. 270. 300. 330. 360. 


00 


RADAR AZIHUTH ANGLE EAST FROH NORTH 



NRCS VERSUS AZinUTH ANGLE 


FREQUENCY • 13*9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 27*A CH/SEC 

WIND OUT OF ZA5* DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 40* DEG 


NRCS 

IDB) 

•16*0 

•16.S 

>17»0 

•17.5 

•18.0 

•18.5 

•19.0 

•*9.5 

• 20.0 

•20.5 

• 21.0 

•21.5 

' 22.0 

•22.5 

'23.0 

•23.5 

'24.0 

•24.5 

•25.0 

•25.5 

•26.0 

•26.5 

•27.0 

•27.5 

•28.0 

•28.5 

■29.0 

•29.5 

• 30.0 

•3C.5 

•n.o 


I light line run 
19 4 12 


THEORY • ♦♦♦♦♦ 
JONSWAP 75 DATA • X 


4444 * 

44X X X44 


44X 

4X 


X4 


X4 


X XX 

X4X44 X 

#X444 44444X X 

X*X *** X 


4 

X4 


• 4* 


♦44X X4X 

44X X44 
444 


X4 


X 

44 44 

X X4X 


30< 


60« 


90. 120. 150. 180. 210. 240. 270. 300. 330. 360. 




RADAR AZINUTH ANGLE EAST FROM NORTH 



FREQUENCY • 13*9 6HZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 27.8 CH/SEC 

WIND OUT OF 240. DEGREES EAST OF NORTH 
INCIDENCE angle - 20* DEG 


NRCS 

tOB) 

0*0 

-.5 

- 1.0 

-1*5 

- 2.0 

-2.5 

-3.0 

-3.5 

-4.0 

-4.5 

-5.0 

-5.5 

-t.O 

-6.5 

-7.0 

-7.5 

- 8.0 

-8.5 

-9.0 

-9.5 

- 10.0 

-10.5 

- 11.0 

-11.5 

- 12.0 

-12.5 

-13.0 

-13.5 

-14.0 

-14.5 

-15.0 


THEORY • 

fllRht line run JONSWAP 75 DATA • X 

19 4 S 


**** 


X 

♦ X*** 


X XXX XX 444 

*«X4*4444«X4X4 

*4*4X4X XXX X4X4X X XX 


•4*4 

X X4X** 

X X4X4X X X X X 



0. 30. 60. 


90. 120. 150. 180. 210. 


240. 270. 300. 330. 


360 . 


o 


RADAR AZIMUTH ANGLE EAST FROM NORTH 



NRCS VERSUS A2IHUTH ANGLE 


FREQUENCY • 13*9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 26.A CH/SEC 

WIND OUT OF 39* DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 69* OEG 


NRCS 

(061 

•31.0 

-31*5 

-32.0 

-32*9 

-33*0 

-33.9 

-3A*0 

-3A.9 

-39.0 

-39.9 

-36.0 

-36*9 

-37.0 

-37*9 

-36*0 

-38.9 

-39.0 

-39.9 

-AO.O 

-40.9 

-41.0 

-41.5 

-42.0 

-42.5 

-43.0 

-43.5 

-44*0 

-44.9 

-45.0 

-45.5 

-46.0 


flight line run 
14 4 11 


THEORY • ♦♦♦*♦ 
JONSNAP 79 DATA ■ X 


• X ♦ 

♦♦ X 

♦ X X ♦ 

♦ XX ♦ 

♦ X ♦ X 

»X X X X4 X 

♦ X X 

♦ 

♦ X 
♦ • X *X 


X##' 
• x#4 

♦ X X 


X X 


♦•♦♦ 

X XAX X X * 

X ♦♦ X ♦• 

♦♦♦♦♦• 


Ln 


30. 


60. 


90. 


120. 150. 180. 210. 240* 270. 300* 330* 360* 


RADAR AZIHUTH ANGLE EAST FRON NORTH 



FREOUEHCY • 13.9 GHZ 
HORIZONTAL ROLARIZATION 
FRICTION VELOCITY • 29*1 CN/SEC 

WIND OUT OF 299. DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 6S« DEG 


NRCS 

-30*0 

- 30*5 

-31.V' 

•3U9 

•32*0 

-32*5 

-33.0 

-33«3 

-3A«0 

-3A.5 

-35*0 

-35.5 

-36.0 

-36.5 

-37.0 

-3/.5 

-38.0 

-38.5 

-39.0 

-39.5 

- 40.0 

-4D.5 

-4X.0 

-41.5 

-42.D 

-42.5 

-43.D 

-43.5 

-44.0 

-44.5 

-45.D 


94«4 

• • 

• 4 

♦ 


flight line run 
19 4 17 


THEORY • ♦♦♦♦♦ 
JONSWAR 75 DATA • X 


X 

X 

X X 

494A44 
♦ ♦ 4X* 


♦ X 
4 


4 

X4 

X4 


4 


4 


4444 


4 X 

4 

4 


444 

44 

44 



4444 


4 

4 

4 

4 

4 

44 44 

444 


D. 30. 60. 90. 12D. 150. 180. 210. 290. 270. 300. 330. 360. 


RADAR AZINUTH ANGLE EAST FRON NORTH 



NRCS VERSUS AZIMUTH ANGLE 


fREOUENCY • 13.9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 30*7 CN/SEC 

WIND OUT OF 239. DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 30* DEG 


NRCS 

{D6> 

-7.0 

-7.5 

- 6.0 

-8.5 

- 9.0 

-9.5 

•10.3 

•10.5 

• 11.0 

•11.5 

• 12.0 

•12.5 

•13.0 

•13.5 

•lA.O 

•IA.5 

•15.0 

-15.5 

-16.0 

-16.5 

•17.0 

•17.5 

•18.0 

•18.5 

• 19.0 

• 19.5 

- 20.0 

-20.5 

- 21.0 

•21.5 

- 22.0 


fllRltt line run 
24 4 1 


THEORY • ***** 
JONSWAP 75 DATA • X 


***** 

** * 

* ** 

« X XX X * 


♦ 

♦ X 


♦ X 


X 

4 > 4 > 


X X X X X X 

X 4**«4>*««** X X 
***** ***•*% 


* 

• X 


♦X 

X* 


** 


♦X 


**X X X 

******* 

X X 


• X X 


0 . 


30 . 


60 . 


90. 120. 150. 180. 210. 240. 2?0. 300. 330. 


X 

** 


360. 


RADAR AZIMUTH ANGLE EAST FROM NORTH 



FRfOUENCV • 13.9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 30*9 CH/SEC 

WIND nuT OF 183* DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 20* DEG 


NRCS 

CDB) 

0.0 

-.5 

- 1*0 

> 2*0 
-2.5 
-3.0 
-3.5 
-A.O 
-A.5 
-5.0 
-5.5 
—6.0 
-6.6 
-7.0 
-7.5 
-8.0 
-8.5 
-9.0 
-9.5 
- 10.0 
-10.5 
- 11. 0 
-11.5 
- 12.0 
-12.5 
-13.0 
-13.5 
-14.0 
-14.5 
-15.0 


THEORY ■ ***** 

n: 'ht line inn JONSWAP 79 DATA • X 

18 4 ] 


X 

**X XXX 


X 


000 000 
*X*X X X X X X X*X*X X 
♦•♦•X 0**0 

X X X4X 


X 

x*x«x«« 

X X x*x*x** 



0 « 30 * 60 * 


90* 120# ISO# 180# 210# 290# 270# 300# 330# 360# 


tn 


RADAR AZinUTH ANGLE EAST FROM NORTH 



NRCS VERSUS AZIMUTH ANGLE 


FREQUENCY • 13*9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 32*6 CN/SEC 

WIND OUT OF 208* DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 6S* DEG 


NRCS 

(OB) 

-29*0 

-29.5 

-30*0 

-30*5 

-31*0 

-31*5 

-32.0 

-32*5 

-33*0 

-33*5 

-34*0 

-34*5 

-35*0 

-35.5 

-3fc.O 

-36.5 

-37.0 

-37.5 

-36.0 

-36.5 

-39.0 

-39.5 

-40.0 

-40.5 

-41.0 

-41.5 

-42.0 

-42.5 

-43.0 

-43.5 

-44.0 


flight line run 
16 4 14 


THEORY ■ ♦♦♦♦♦ 
JONSNAP 75 DATA • X 


X 

X X 

X ♦♦♦•♦♦X X X 
X ♦♦ ♦♦ 

♦4 «• 


X* 

* 


X 


4 


X 4 

•* *«44 X 

X XX 444 4 


XX X 44 4 

• 4 44 

44X4X X 

X X 


4 

4X 

4 

4X 

4 

4 44 

44 44 

X 4 X 44 X 
X9 X44 
X444 


X 


0. 30. 60. 90. 120. 150* 180. 210. 260* 270. 300. 330. 360. 




RADAR AZIMUTH ANGLE EAST FROM NORTH 



fRCOU£NCY • 13«9 6HZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 33,9 CN/SEC 

WIND OUT OF 206* DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 20« DEG 


NRCS 
(DEI 
1*0 
• 9 
0.0 
-•5 
• 1.0 

- 2*0 
-2.9 
-3.0 
-3.9 
-A.O 
-A. 9 
-9.0 
-9.9 
- 6.0 
-6.9 
-7.0 
-7.9 
- 8.0 
-6.9 
-9.0 
-9.5 
- 10.0 
-10.5 
- 11.0 
-11.9 
- 12.0 
-12.9 
-13.0 
-13.9 
-16.0 


flight line run 
17 4 1 


THEORY • ••♦♦♦ 
JONSWAP 79 DATA • X 


X X 


X X X X 

X 

♦♦•♦•X 


P4*#X X X9XP 
**H X XAX* 


X X 


♦ •♦#X 


XX XXX 
X 


X X< 


>XPX 


XXX 


O' 


0 . 


30 . 60 . 


90. 120. 190. 160. 210. 240. 270. 300. 330. 360. 

RADAR AZINUTH ANGLE EAST FRON NORTH 



NRCS VERSUS AZIMUTH AMGLE 


FREQUENCY • 13»9 GHZ 
HORIZONTAL ROLARIZATION 
FRICTION VELOCITY • 33«6 CN/SEC 

WIND OUT OF 190. DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 90* DEG 


NRCS 

(08) 

•13.0 

-13.5 

-19.0 

-19.5 

-15.0 

-15.5 

-16.0 

-16.5 

-17.0 

-17.5 

-18.0 

-18.5 

-19.0 

-19.5 

- 20.0 

-20.5 

- 21.0 

-21.5 

- 22.0 

-22.5 

-23.0 

-23.5 

-29.0 

-29.5 

-25.0 

-25.5 

- 26.0 

-26.5 

-27.0 

-27.5 

-28.0 


THEORY • 

fliRht line run 40NSWAP 79 DATA • X 

18 4 6 


9 

999 


99 X 

9X X 


XXX 



9999999X 9 

99X9X 9 

♦♦♦ 9X 

X X9 X9X 


X9999 

X 




X9X 

X #X 

9 

9 

X 

♦X XX 

♦ 99 

X X9X99 

* ♦XQ 

X9X 6X 

9999X 

X 


0 . 


30. 


60. 


90. 120. 150. 180. 210. 290. 270. 


300. 330. 360« 




RADAR AZIMUTH ANGLE EAST FROM NORTH 



FREQUENCY • 13*9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 3T«5 CN/SEC 

NINO OUT OF 208. DEGREES EAST OF NORTH 
INCIDENCE ANGLE • AO* OEG 


NRCS 

(DBl 

- 11*0 

- 11*5 

- 12.0 

-12.S 

- 13.0 

-13.9 

-lA.O 

- 1 A .5 

- 15.0 

- 15.9 

- 16.0 

- 16.5 

- 17.0 

-17.5 

-18.0 

- 18.5 

- 19.0 

- 19.5 

- 20.0 

- 20.5 

- 21.0 

- 21.5 

- 22.0 

- 22.5 

- 23.0 

- 23.5 

- 24.0 

- 24.5 

- 25.0 

- 25.5 

• 26.0 


flight line run 
17 A 6 


THEORY • •♦♦♦• 
JONSW&v 75 DATA • X 


X 


X 


X 




♦•X 

«X X 


X 


X 



X 9 

♦•♦♦X * 

•X* *x 

X*9 9X 


X999 99 

XXX 


X X9X 

9 

9X 

99 

X 

9 

X X 

• X99 

X 999 

99 999X 

X99 999 

X9X X X 


0 . 


30. 60. 


90 . 120 . 150 . 180 . 210 . 240 . 270 . 300 . 330 . 360 . 


00 


RADAR AZINUTH ANGLE EAST FROM NORTH 



NRCS VERSUS AZIMUTH ANGLE 



EREOUENCY • 13 

• 9 GHZ 



HORIZONTAL ROLARIZATION 



FRICTION VELOCITY • 

50.5 CN/SEC 


NINO OUT OF 196. DEGREES EAST OF 

NORTH 


INCIDENCE ANGLE • 

65. DEG 


NRCS 



THEORY 

COB) 

flight line 

run 

JONSWAP 

-23.0 




-23.S 

18 4 

U 


-2A.0 




•2A#5 




-25*. 0 




-25.5 




-26.0 




-26.5 




-27.0 

X 

X*X X X9X 


-27.5 



♦ X 

-28.0 

X* 


♦X 

-28.5 



* X 

-29.0 

0 



-29.5 

X X 


• X 

-30.0 X 

• 


♦ 

-30.5 *♦•' 



♦ 

-31.0 

♦ ♦♦ ♦ 

c O 

X 

-31.5 



0 

-32.0 



{ 

-32.5 


8| 


-33.0 




-33.5 




- 3A.0 




-3A.5 




-35.0 




-35.5 


fS Co 


-36.0 




-36.5 




-37.0 




-37.5 




-38.0 




0. 

30. 60. 90. 120. 150. 180. 210. 

260. 270, 




♦ X 
♦ ♦XX 
f ♦♦ X 

X 

XXX 


360« 


UT 

AD 


RADAR AZINUTH ANGIE EAST FROM NORTH 



FREQUENCY • 13.9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 53*2 CM/SEC 

WIND OUT OF 20a* DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 65* DEG 


NRCS 

<DB} 

-22.0 

- 22*5 

- 23*0 

- 23*9 

-2A*0 

-2A.5 

- 25.0 

-25.5 

-26.0 

-26.9 

-27.0 

-27.5 

-28.0 

-28.5 

- 29.0 

-29.5 

-30.0 

-30.9 

-31.0 

-31.9 

-32.0 

-32.9 

-33.0 

-33.9 

-36.0 

-36.5 

-35.0 

-39.5 

-36.0 

-36.5 

-37.0 


flight line run THEORY ■ ***** 

JONSWAP 79 DATA • X 

17 4 11 


XP 

X ♦ 

* 

X * 

****** X * 

*** X XPXPP X ♦ 

X X XPP * 

X PPP * 

** ** 

**** 


X XPX6XPX X 

X *♦ ♦♦ X 

** ** 

* X 

* 

* X 
* 

♦ X 

♦ * 
* *** 

*x •• 

* ••* X 

XPP# X 


XX X 
X 


0. 


30. 60. 


90. 120. 190. 160. 210. 260. 270. 300. 330. 360. 


06 

o 


RADAR AZinUTH ANGLE EAST FRON NORTH 



NRCS VERSUS INCIDENCE ANGLE 


FREQUENCY • 13*Q GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 13«A CN/SEC 

WIND OUT OF lAO* DEGREES EAST OF NORTH 
RELA'^TVE AZINUTH ANGLE • IDA* DEG 


NRCS 

(06) 

16* 

1A» 

12 * 

X0« 

8« 

6* 

A* 

2* 

0 * 

- 2 . 

-A* 

- 6 * 

-0* 

-10* 

- 12 * 

-lA# 

-16* 

-18# 

- 20 . 

- 22 . 

-2A. 

-26. 

-28. 

-30. 

-32. 

-3A, 

-36. 

-38. 

-AO. 

-A2. 

-AA. 

-A6. 


flight line run 
13 3 1 


THEORY • 

MHSUkP 79 DATA 


X 

♦ 

♦ 

♦ 

♦ 

♦ 

« 

A 

X 


* 

A 

A 

AA 

A8 X 

AAA 

AAA 

AAAA 

AAAA 

X AAAAAA 

X AAAAAA 


0 . 


10# 20. 30. AO. SO# 60. 


AAAAAA 

AA 


70 * 


incidence angle (DEGI 



FREQUENCY • 13-9 6H2 
VERTICAt POtARIZATIOH 
FRICTION VELOCITY • l»*9 CH/SEC 

WIND OUT Of 1ST* DECREES EAST OF NORTH 
RELATIVE AZIHUTH ANCLE • 99. DEC 


NRCS 

ID8> 

16 * 

19 . 

IZ. 

10 . 

6. 

6* 

9 . 

Z. 

0 . 

- 2 . 

-A. 

“6» 

-8* 

- 10 * 

- 12 . 

- 14 , 

- 16 . 

-le. 

- 20 . 

- 22 , 

-24. 

- 26 . 

-28. 

-30. 

-32. 

-34. 

- 36 . 

-36. 

-40. 

-42. 

-44, 

- 46 , 


flight line run 
13 3 2 


THEORY • •♦♦♦• 
2QNSIIAF ?5 DATA • X 


X 

♦ 

0 

• • 

• 

0 

0 

0 

0 

0 

0 

0 

00 

000 % 

000 

000 

0000 % 

00000 


% 


Om 10 # 


30# 


«0# 90# 60# 


70# 


04 

N9 


20 # 


INCIDENCE ANGLE tDEGI 



NRCS VERSUS INCIDENCE ANGLE 


FREQUENCY • GHZ 

VERTICAL POLARIZATION 
FRICTION VELOCITY • 16*3 CM/SEC 

WIND OUT OF »i* DEGREES EAST Of NORTH 
RELATIVE AZIHUTH ANGLE • 10* DEG 


NRCS 

(DB> 

16* 

16 * 

12 * 

10 * 

8* 

6* 

4* 

2* 

0* 

- 2 . 

-4* 

- 6 * 

-10* 
- 12 . 
-14* 
-16. 
— 10 . 
- 20 . 
- 22 . 
-24. 
-26. 
- 28 . 
-30. 
-32* 
-34. 
-36. 
-3*. 
-4C. 
-42. 
-44. 
-46. 


^ THEORY • *6466 

flight line run 40NSNAP 75 DATA 

14 3 1 


6X666 

666 

666 

X* 


• • 

♦ 

X 

••• 


0. 10. 20» 30« 40# 90# 60# 




70# 


INCIDENCE ANGLE C0E6I 



FREQUENCY • U*9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 17*9 CN/SEC 

WIND OUT OF 150* DEGREES EAST OF NORTH 
RELATIVE AZINUTH ANGLE • 23« 0E6 


NRCS 
(OBt 
16. 
1A« 
12. 
10« 
8 . 
6* 
A* 
2. 
C* 
- 2 . 
•A* 
- 6 . 
“*8 • 
- 10 . 
- 12 . 
-lA. 
- 16 . 
-16. 
- 20 . 
- 22 . 
-2A. 
-26. 
-26. 
- 30 . 
-32. 
-3A. 
• 36% 
• 38 ^ 

•^2# 

• 46 # 


flight line run 
13 6 1 


THEORY • ♦♦♦♦♦ 
JONSHAP 79 DATA • X 


X8 

♦ 




•• 

• X 

♦ 

♦ 

•• 

••X 

♦•X8 




Oo 10« 20« 30« 40» 


90 « 60 # 70 # 


OA 

4 S* 


INCIDENCE ANGLE CDEGI 



NRCS VERSUS INCIOEMCE ANGIE 


FREQUENCY • 13«9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 16*9 CN/SEC 

WIND OUT OF 1A9* DEGREES EAST OF NORTH 
RELATIVE AZINUTH ANGLE • 17* DEG 


NRCS 

(OBI 

16 * 

IA« 

12 . 

10« 

8 • 

A. 

2. 

0* 

- 2 . 

•0 • 
-ifc* 
- 12 . 
-lA. 
- 16 . 
- 10 . 
- 20 . 
- 22 . 
- 24 . 
- 26 . 
- 20 . 
- 30 . 
- 32 . 
- 34 . 
- 36 . 
- 36 . 
- 40 . 
- 42 . 
- 44 . 
- 46 . 


flight line run 
13 2 2 


THEORY ■ *6666 
JONSUAP 79 DATA • X 


*X*6 

X* 


« 

6* 

* 


6 


6* 

• « 

666 # 

X*6 

6*6 

666 * 

X66* 

666X66 


0. 10. 20. 30. 40. 


90. 60. 70. 


o> 

Ul 


INCIDENCE ANGLE (DEGI 



FREQUENCY • 13«9 GHZ 
VERTICAL FOIARIZATION 
FRICTION VELOCITY • 19*5 CN/SEC 

WIND OUT OF 36* DEGREES EAST OF NORTH 
RELATIVE AZIHUTH ANGLE • 83. DEG 


NRCS 

(DB) 

16 * 

1A« 

IZ. 

10. 

6* 

6* 

4* 

2 . 

0 * 

- 2 . 

-4. 

-e. 

- 0 . 

- 10 . 

- 12 . 

- 14 . 

-16. 

-16. 

- 20 . 

- 22 . 

- 24 . 

- 26 . 

- 20 . 

- 30 . 

- 32 . 

- 36 # 

- 38 . 

-4C. 

-^ 2 . 

-^ 6 . 


flight line run 
14 2 3 


THEORY • ♦♦♦♦♦ 
JONSWAP 79 DATA • 


X8« 

88 


8X8 

8 

88 

• 

8 

8 

8 

• X 

8 

8 

8 


8 

88 

8 

888X 

888 

8888 

888 


X8888 

88X88 

8888888 

8888888 


0. 10. 20. 30. 80. 90. 60. 


88888 ^ 


70. 


INCIDENCE angle (OEGI 



NRCS VERSUS INCIDENCE ANGIE 


FREQUENCY • 13.9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 21*9 CN/SEC 

WIND OUT OF A9» DEGREES EAST OF NORTH 
RELATIVE AZIHUTH ANGLE • 172* DEG 


NRCS 
06 1 
16 . 
lA* 
12 . 
1C. 
6 • 
6 . 
4. 
2. 
0. 
-2. 
-A. 
- 6 . 
-e. 
- 10 . 
- 12 . 
-14. 
-16. 
-le. 
- 20 . 
- 22 . 
- 24 . 
- 26 . 
-2f . 
- 20 . 
- 32 . 
-34. 
-Jfc. 
-35. 
-40. 
-42. 
-44. 
-46. 


flight line run 

14 3 2 


THEORY • ♦♦♦♦* 
JONSWAP 75 DATA • X 


♦ X 

«•* 

X* 

• • 

* 

♦ X 

* 

* 

• • 

♦ ♦ 

«••• 

• •X* 


• . 



0. 10. 20. iO. 40. 


50. 60. TO. 


INCIDENCE ANGLE CDEG) 



FREQUENCY • 1S*9 6HZ 
VERTICAL POLARIZATION 
FRICTIUN VELOCITY • ZA*4 CN/SEC 
WIND OUT OF 189* OS9REES EAST OF NORTH 
RELATIVE AZINUTH ANGLE • 109* DEG 


NRCS 
fOB) 
16 * 
14 * 
12* 
10* 
8 • 
6 * 
4 * 
2« 
0* 
- 2 . 
- 4 . 
• 6 * 
• 6 • 
-10* 
• li* 
- 14 * 
- 16 . 
-18. 
- 20 . 
- 22 . 
- 24 . 
- 26 . 
-28* 
- 30 . 
- 32 . 
- 34 , 
- 24 . 
- 2 ? . 
-*»C. 
- 42 * 
- 44 , 
- 46 . 


fllBht line run 
16 2 5 


THEORY • •••66 
JONSMAP 79 DATA 


• X 


****•*•• 


#•6 


• • 


• • 


♦X 

« 


• • 


• 6 


••X 


*6* 




«664 

X9646 


• •X«9 


10 < 


20 . 


30. 


40i 


90. 


60 ( 


INCIDENCE angle lOEG) 



MRCS VERSUS INCIDENCE AN6.E 


FREQUENCY • 13*9 6HZ 
VERTICAL F0LARI2ATI0N 
FRICTION VELOCITY • 29*9 CH/SEC 

WIND OUT OF 229* DECREES EAST OF NORTH 
RELATIVE AZIMUTH ANGLE • 169* DEG 


NRCS 

(OE) 

16* 

lA* 

12 * 

10 * 

6* 

6* 

A* 

2* 

0* 

- 2 . 

•A* 

“ 6 # 

“8* 

-10. 

- 12 . 

-lA* 

- 16 . 

- 10 * 

- 20 . 

- 22 . 

-2A. 

-26. 

-28* 

-30. 

-32. 

-3A. 

-36. 

-38* 

-AO. 

-A2. 

-AA. 

-A6. 


THEORY • 

flight line run JONSNAF 79 DATA • X 

19 3 3 


X*8 

• • 

*6 

6 

AX 

A* 


««« 

AAXA 

AAAA 

AAAA 

axaaa 

AAXAA 


A 


0* 10* 20* 30. AO* 


90* 60* 70* 


so 


INCIDENCE ANGLE (DEG) 


>riginal page la 

POOR QUAUTt 



FREQUENCY • 13*9 6H2 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 30*1 CN/SEC 

WIND OUT OF 226* DECREES EAST OF NORTH 
RELATIVE AZINUTH ANCLE • 76* DEC 


NRCS 

(0B> 

16 * 

19 * 

12 . 

10« 

e. 

6* 

9* 

2* 

C* 

- 2 . 

- 9 , 

-6* 

- 10 . 

- 12 . 

- 19 . 

- 16 . 

- 10 . 

- 20 . 

- 22 . 

- 29 . 

- 26 . 

• 28 c 

- 30 . 

- 32 . 

- 39 . 

- 36 . 

- 38 . 

- 90 . 

- 92 . 

- 99 . 

- 96 . 


THEORY • 

flight line run JONSWAP 79 DATA • X 

19 2 6 


•X*«69« 

X^# 

X 

•• 

0 

4i# 

• ♦xt 

••• 




0* 10. 20. 30. 40« 


90* 60* 70. 


INCIDENCE ANGLE CDEG) 



NRCS VERSUS INCIDENCE ANGLE 


FREQUENCY • 13*9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 33.7 CN/SEC 

WIND OUT OF 187* DEGRESS EAST OF NORTH 
RELATIVE AZXHUTH ANGLE • 159* DEG 


NRCS 

(OB) 

!&• 

LA« 

12 * 

10 . 

8, 

A. 

2. 

0* 

- 2 . 
-A* 
• 6 # 
- 8 . 
-10# 
- 12 . 
-lA. 
1 6* 
-18# 
- 20 . 
- 22 . 
-29. 
-26. 
-28. 
-30. 
-32. 
-3«». 
-3s. 
-3* . 
-9t. 
-92. 
-99. 
-96. 


flight line run 
16 j 3 


• «9« 

X9 

**• 

** 

X 

«• 

«* 

999 


• 9«* 

• 9X* 


THEORY • ♦••♦9 
JONSWAP 79 DATA • X 


X 


999 


0 . 10 . 20 . 


30. 90. 


SO. 60. 70. 


INCIDENCE ANGLE fOEG) 



FREOUEMCY • U*9 6HZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 34*6 CH/SEC 

WIND OUT OF 177* DECREES EAST OF NORTH 
RELATIVE AZINUTH ANCLE • 29* DEC 


NRCS 

CO^‘ 

16 « 

14 . 

12 . 

10* X 

8 • 

4. 

2* 

- 2 . 

-4, 

•8 • 
- 10 . 
- 12 . 
-14. 
-16. 
-16. 
- 20 . 
- 22 . 
-24. 
-26. 
•28. 
-30. 
-32. 
-34. 
-36. 
-30. 
-40. 
-42. 
-44. 
-46. 


flight line run 
16 3 2 


THEORY • 64444 
JONSMAP 79 DATA • X 


•••• 

XP 

#44 

44 

4 

44 

X4 

44 

4444 

44*44 

4444 

444X 

44444 X 

44444 


44444 


0. 10. 20. 30. 60. 


90 . 60 . 70* 


INCIDENCE ANCLE IDECI 



NRCS VERSUS INCIDENCE ANGLE 


FREQUENCY • 13«Q GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 3D«0 CH/SEC 

WIND OUT OF 187* DEGREES EAST Of NORTH 
RELATIVE AZIMUTH ANGLE • 67* DEG 


NRCS 

106 ) 

16 * 

14* 

12. 

lOt X 

8. 

6* 

4 * 

2 . 

0* 

- 2 . 

- 4 . 

•6 • 

• 8 • 
-IC. 
- 12 . 
- 14 . 
- 16 . 
- 18 . 
- 20 . 
- 22 . 
- 24 . 
- 26 . 
- 28 . 
- 30 . 
- 32 . 
- 34 . 
- 36 . 
- 38 . 
- 40 . 
- 42 . 
- 44 . 
- 46 . 


FI Ij'.lit line run 
17 2 2 


7HE0RY • 

JONSWAP 79 DATA • 


• 48 


4X8 


48 


44 


44 


44 

X4 


84 


^1 

gg 


• 8 


84 


44X84 


4884 


484X 


• ••4 


48X484 


0 « 10 . 20 . 


30. 40. 


90. 60. 


INCIDENCE ANGLE CDEGI 



FREQUENCY ■ 13.9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 37*0 CM/SEC 

WIND OUT OF 188* DEGREES EAST OF NORTH 
RELATIVE AZIMUTH ANGLE • 18* DEG 


NRCS 

(0B> 

16 . 

lA* 
12 . 
10* 
8. 
6. 
A* 
2. 
0* 
- 2 . 
-A, 
•6 • 
- 8 . 

- 12 . 

-lA. 

- 16 , 

-18. 

-2C. 

-22. 

-2A. 

• 26o 

—28. 

-30. 

-32. 

-3A. 

-36. 

-36. 

-AO. 

-A2. 

-AA. 

-A6. 


THEORY • *AA«* 

flight line run JONSUAP 75 DATA • X 

17 3 4 


••X* 

• t 

•• 

X* 

• « 

• ••* 

X***A 




0* 10. 20. 30* AO. 


50. 60* 70. 


INCIDENCE ANGLE (DEG I 



NRCS VERSUS INCIDENCE ANGLE 


FREQUENCY • 13*9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 37*A CN/SEC 

WIND OUT OF 229* DEGREES EAST OF NORTH 
RELATIVE AZIHUTH ANGLE • 177« 0E6 


NRCS 

IDB> 

16 « 

14 * 

12. 

10* 

e. 

6 . 

4 . 

2 . 

0« 

- 2 . 

• 4 * 

-6. 

- 8 # 

- 10 . 

- 12 . 

- 14 . 

- 16 . 

- 16 . 

- 20 . 

- 22 . 

- 24 . 

- 26 . 

- 20 . 

- 30 . 

- 32 . 

- 34 , 

- 36 . 

- 36 . 

- 40 . 

-42. 

- 44 . 

- 46 . 


flight line run 
24 2 10 


THEORY • 

JONSMAP 79 DATA • X 


«**• 

• 6 

«* 

*• 

• X 

X pp*# 

PPPX 

•PPPPX 


PPP 


Ln 


0. 10. 20. 30. 40. 


90. 60. 70. 


INCIDENCE ANGLE (DEG) 



FREQUENCY • 13*9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 36*4 CN/SEC 

WIND OUT OF 233* DEGREES EAST OF NORTH 
RELATIVE AZIHUTH ANGLE • 3« DEG 


NRCS 

(OB) 

16 * 

14 * 

12 * 

1C* X 
8* 

6 * 

4 * 

2* 

0* 

- 2 . 

- 4 * 

-6* 

-6* 

-10* 

- 12 . 

-14. 

- 16 . 

-18. 

- 20 . 

- 22 . 

-24. 

- 26 . 

-28. 

- 30 . 

- 32 . 

-34. 

- 36 . 

-38. 

-40. 

-42. 

-44. 

- 46 . 


flight line run 
24 2 11 


THEORY • 

JONSMAP 79 DATA • X 


«**« 

X4* 

• • 

44 

44 

♦X 

• 44 

4*444 X 


444 

• •44 

X 444*4 

X**44* 


44444 


0 . 10 . 


20* 30* 40* 


50* 60. 70. 


INCIDENCE ANGLE IDEG) 



NRCS VERSUS INCIDENCE ANGIE 


frequency • 13.9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 39.6 CN/SEC 

WIND OUT OF 1S9« DEGREES EAST OF NORTH 
RELATIVE AZINUTH ANGLE • 161* DEG 


NRCS 
( 06 ) 
16. 
lA* 
12 . 
10 , 
e. 
6. 
A. 
2. 
0. 
- 2 . 
-A. 
- 6 . 
•8 • 
- 10 . 
- 12 . 
-lA. 
-16. 
-18. 
- 20 . 
- 22 . 
-2A. 
-26. 
- 20 . 
-30. 
-32. 
-3A. 
-36. 
-38. 
-AO. 
-A2. 
-«»A. 
-A6. 


flight line run 
17 3 3 


THEORY • 

JONSNAP 79 DATA • X 


♦ « 

♦ X 

♦•P 

pppp 

PXPPPP 

pppp 

PX*P 

PPPPXP 


pppppp 

pp 


0. 10. 20. 30. AO. 


90. 60. 70. 


INCIDENCE ANGLE IDEG) 



FREQUENCY • U.9 6H2 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 19.3 CN/SEC 

WIND OUT OF 1»9* DEGREES EAST OF NORTH 
ZNCIOENCF *’!6LE • 20« 0E6 


NRCS 
fD8) 
•A.O 
-A. 5 
-5,0 
-5.5 
- 6.0 
•6# 5 
-7.0 
-7.5 
- 0.0 
-8.5 
-9.0 
-9.5 
- 10.0 
-10.5 
- 11.0 
-11.5 
- 12.0 
-12.5 
-13.0 
-13.5 
-lA.O 
-IA.5 
-15.0 
-15.5 
-16.0 
-16.5 
-17.0 
-17.5 
-16.0 
-18.5 
-19.0 


flight line run 
13 4 1 


THEORY • 

JONSUAP 79 DATA ■ X 


X 

X 

•X X X X X XPP 

PAX* 

PPPPP X X ♦♦X* 

•PPXPXPPPX 


X 

XPPPP XXPP9PPX9X 

X9XPP **♦♦♦ 

♦♦♦• X X 

♦♦♦♦♦♦♦X* X 

XX XXX X 

X 
X 


0 . 


30. 60. 


90. 120. 190. 180. 210. 


260. 270. 300. 330. 360. 


RADAR AZINUTH ANGLE EAST FRON NORTH 



NRCS VERSUS AZIHUTH ANGLE 


FREQUENCY ■ 13.9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 19*1 CH/SEC 

WIND OUT OF SO. DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 20. DEG 


NRCS 
(DB) 
- 2.0 
-2.5 
-3.0 
-3.5 
-A.O 
-9.5 
-5.0 
-5.5 
— G.O 
-6.5 
-7.0 
-7.5 
- 6.0 
-8.5 
-9.0 
-9.5 
- 10.0 
-10.5 
-iX.O 
-11.5 
- 12.0 
-12.5 
-13.0 
-13.5 
-19.0 
-19.5 
-15. C 
-15.5 
-It .0 
— 16. 5 
-17.0 


flight line run 
14 4 1 


THEORY • ♦P*#* 
JONSNAP 75 DATA • X 


X«X*X X X 


♦ X* 


X x«x*x 


X*X«X*X*X*X6X9X 


X X X*XP* 


•X*X«X9XPP9*9 


X 

X X9X9X*X*X9X9X9 


0. 30. 


60 . 


90. 120. 150. 


180. 210. 290* 270* 


300. 330* 360* 


RADAR AZIMUTH ANGLE EAST FROM NORTH 



FREQUENCY • 13*9 6HZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 20*3 CN/SEC 

WIND OUT OF A6« DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 40. DEG 


NRCS 

lOBI 

•ie«o 

-18.5 

- 19.0 

-19.5 

- 20.0 

-20.5 

- 21.0 

-21.5 

- 22.0 

-22.5 

-23.0 

-23.5 

-24.0 

-24.5 

-25.0 

-25.5 

-26.0 

-26.5 

-27.0 

-27.5 

-26.0 

-28.5 

- 29.0 

-29.5 

-30.0 

-30.5 

-31.0 

-31.5 

-32.0 

-32.5 

-33.0 


flight line run THEORY • 

JONSWAP 75 DATA • X 

14 4 6 


♦ ♦X X ♦♦ 

X4X X *X 

* 

X4X 

4 


X* 

* 




X 


4« 
44 
4 X 

4 X 
4 X 

X4X 



4X 4 

4 X 

4 X X 4 

4 44 

444 


44 

X X X X9 X 

44 

XX X 4 

4 4 

4 4 

X • X9 

4 

X4 X X 4 

X 44 


444 


0. 30. 60. 


90. 120. 150. 180. 210. 2A0. 270. 300. 330. 360. 


RADAR AZINUTH ANGLE EAST FROH NORTH 



NRCS VERSUS AZIMUTH ANGLE 


frequency • 13«9 GHZ 
VERTICAL ROIARIZATION 
FRICTION VELOCITY • 20«3 CH/SEC 

WIND OUT OF l$e« DEGREES EAST OF NORTH 
INCIDENCE ANGIE • SO* DEG 


NRCS 
(OBI 
- 22.0 
-22.5 
-23.0 
-23.5 
-2A.0 
-2A.5 
-25.0 
-25.5 
- 26.0 
-26.5 
-27.0 
-27.5 
-28.0 
-28.5 
-29.0 
-29.5 
-30.0 
-30*5 
-31.0 
-31.5 
-32.0 
-32.5 
-33.: 
•33.5 
-3%.C 
— 3^.5 
-35.0 
-35. 5 
-36.0 
-36.5 
-37.0 


flight line run THEORY • 

40NSW4R 75 DATA • X 

13 4 11 


X 

♦♦ X 

♦ X 

♦ X 

• X ♦ 

♦ >. 

• 0 


X • 

• X X 

0 • 


• x^x 


X 

♦•X X 
X000X 00* 

00 0 % 


X 


0 


0X 

0 

0 


X 


0 


X 


0 


\0 X 

0 • 

X000X 

y 


• ♦X X 

♦♦ X 
♦ X 

•X 

♦ 

♦ X 

X 


Oo 


30 « 60o 90# 120# 150# 160# 210# 2A0# 270# 300# 330# 360# 


RADAR AZ^rtU^H ANGLE EAST FRON NORTH 



FREOUEMCY • 13*9 6HZ 
VERTICAL ROIARXZATION 
FRICTION VELOCITY • 20*9 CN/SEC 

WIND OUT OF 1S5* DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 90« DEG 


NRCS 
(OBI 
-17*0 
-17.5 
-Itf.O 
-18.5 
-19.0 
-19.5 
- 20 .' 
- 20 . > 
- 21 .%. 
-21.5 
- 22.0 
-22.5 
•23.0 
23.5 
-29.0 
-29.5 
-25.0 
-25. 5 
-26.0 
-26.5 
-27.0 
-27*5 
-2S.0 
-28.5 
-29.0 
-29.5 
-30.0 
-30.5 
-31.0 
-31. t 
-32.0 


iii:;ht line run THEORY • 999*« 

JONSHAF 75 DATA • X 

n A 9 


X 


X* 

X 

« 

X 


X 


*• 

* XXX 

♦♦ X ♦ 

♦ X X X 

• X X9 


* 

• X 


* 

♦ X 

X 


X 



XX X 
X 

X* 

X* 

6 


x« 

X ♦ 

X ♦ 

* 


•X* 




0. 30. 60. 


90. 120. 150. 100. 210. 290. 270. 300. 330. 360* 

RADAR AZINUTH ANGLE EA<T fRON NORTH 



NRCS VERSUS AZXnUTH ANGLE 


FREQUENCY • 13,Q GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 21*5 CN/SEC 

WIND OUT OF 198* DEGRESS EAST OF NORTH 
INCIDENCE ANGLE • 20* DEG 


NRCS 
(OB) 
-1*0 
-1.5 
- 2.0 
-2.5 
-3.C 
-^•5 
-9.0 
•9.5 
-5.0 
-5.5 
- 6.0 
-6. 5 
-7.0 
-7.5 
'd.O 
-8.5 
-9.0 
-9.5 
- 10.0 
-10.5 
-U.O 
-11.5 
- 12.0 
-12.5 
-13.0 
-13.5 
-19,0 
- 19.5 
-15,0 
-15,5 
-16.0 


llrif run 


THEORY • 9996P 
JONSNAP 79 DATA « X 


1 6 4 4 


XXX 
X X 


X PPPXRPPPRPRX X X X X 

♦♦ X ••• X X RX** X X 

X OXRP XXX ♦♦••• 

X •9R9R99* X •RRRR6M 

X X X X X X 

XXX 


X 


0 . 


30. 60'. 


90. 120. 150. 


180. 210. 290. 270. SOOt 930. 360. 


RADAR AZINUTH ANGLE EAST FRON NORTH 



FREQUENCY • 19*9 GHZ 
VERTtCAt ROlARlZATtON 
FRICTION VELOCITY • 23*1 CH/SEC 

WIND OUT OF 91* DEGREES EAST OF NORTH 
INCIDENCE ANGLE • DEG 


NRCS 
(OBI 
- 24*0 
-24.5 
-?5.0 
-25.5 
•2b* r 
-2t : 
-27. . 
-27.5 
-28.0 
•ZB, 5 
-29.0 
-29.5 
•)0.0 
-30.5 
-31.0 
-31. f* 
-3?.0 
-32.5 
-33.0 
-33.5 
-34.0 
-34.5 
-35.0 
-35.5 
-36.0 
-36.5 
-37.0 
-37.5 
-30.0 
-38.5 
-39.0 


flight line run 
14 4 11 


THEORY • bbbbb 
JONSWAP 75 017A • X 


•464A4 
•* X X«4 

X* X X *X 

X X 49 


X 

« 


♦ X 
♦ X 
4 


4444X44 

X 44X X 444 
44 X4 

4 X 4 

X 44 


X4 

X4 


X X4 

4 X 4 
44 4 

44 


X X 
> X4 

444 


X4 
X 4 
4 
4 


0. 


0. 30. 


60 


90. 120. 150. leo. 210. 240. 270. 300. 

RADAR AZINUTH ANGLE EAST FROH NORTH 


330. 360* 



MACS VERSUS AZIMUTH ANCLE 


FREQUENCY • 13*9 GHZ 
VERTICAL ROLARIZATXON 
FRICTION VELOCITY • 29«9 CM/SEC 

WIND OUT OF Z02. DEGREES EAST OF NORTH 
INCIDENCE ANGLE •* 40* DEG 


NRCS 
(OB) 
-14.0 
-14.5 
-15.0 
-15.5 
-16.0 
-16.5 
-17.0 
-17.5 
-18.0 
-18.5 
-19.0 
-19,5 
- 20.0 
-20,5 
- 21,0 
-21.5 
- 22.0 
-22,5 
-23.0 
-23,5 
-24,0 
-24.5 
-25,0 
•<:5.5 
-? 6.0 
- 2 1 . 5 


flight line run 
16 /i 9 


THEORY ■ 444M 
JONSUAF 79 OATA • X 


♦♦•X* 


X 

♦ X 


X«X*X«* 

*x 

X 

X4« 

• 

4 

X X* 

4 

X4 

X 


4 

XXX 

4 

4 

4 

4 

4X 

4 

X 


44 4X 
X44 


X4 

♦ •X 
X 4 

• X 

4 X 
4 

4 

4X 

4 


X 

4 

X4 

44 

4 

X4X 

4 

4 


AX XX 

4 4 

4X X44 
444 


X 


-:~.5 
— 2 c f D 
-28.5 
-29,0 

0. 30. 60. 90. 120. 150. ISO. 210. 2A0. 270. 300. 330* 360* 


OO 

V/1 


RADAR AZIMUTH ANGLE EAST FROM NORTH 



FREQUENCY • U*9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 26*6 CN/SEC 

HIND OUT OF ZA3* DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 20* DEG 


NRCS 

CDB) 

0.0 

-«5 

-l.O 

-1.5 

- 2.0 

-2.5 

-3.0 

-3.5 

-^.0 

-<..5 

-5.0 

-5.5 

-fc.O 

-6.5 

-7.0 

-7.5 

- 6.0 

-8.5 

-9.0 

-9.5 

- 10.0 

-10.5 

- 11.0 

-11.5 

- 12.0 

-12.5 

-13.0 

-13.5 

-lA.O 

-1A.5 

-15.0 


flight line run 
19 4 5 


THEORY • ♦♦♦♦* 
JONSWAP 75 DATA • X 


X X X*X*X XXX 

•X*X* ♦•X** X •* 

X*X***X*X*X X 


«•« XX X %•*•* X 
♦•X X X X**«X XX X 

X X •♦♦♦♦XPXPP 


30, 


60, 


90. 120. 150. 160. 210. 2A0. 270. 300. 330. 360. 


00 


RADAR AZINUTH ANGLE EAST FROH NORTH 



NRCS VERSUS AZIMUTH ANGIE 


FREQUENCY • 13*9 GHZ 
VERTICAi FOIARIZATION 
FRICTION VELOCITY • 27*8 CM/SEC 

WIND OUT OF 249* DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 40* DEG 


NRCS 

CD6} 

-13.0 

-13*9 

•14«0 

-14.5 

-15.0 

-15.5 

-16.0 

-16.5 

-17.0 

-17.5 

-le.o 

-16.5 


flight line run 
19 A 12 


THEORY • *♦♦♦♦ 
JONSNAF 79 DATA • K 


X 

X x***x***x 

•* X ♦•X X 


X X** 


♦ XX ♦ 

• ♦ XX 

♦ X ♦♦ 


• 19. 5 
•2t.O 
-20.5 

•21. V' 

•21.5 

•22.U 

•22.5 

•23.0 

•23.9 

•24.0 

•24.5 

'25.0 

•25.5 

•26.0 

•26.5 

-27.0 

•27.5 

•28.0 






• X 


X X 


* X 
«« 


X • 

* X X 

* • 

♦ X 

• X ♦ 

X X 

♦♦♦ 


X4 


X 

* 


♦ X 

♦ * 
t* • 

♦ X X 

X944 


0. 30. 60. 90. 120. 150. 160. 210. 240. 270. 300. 330. 360. 


00 

SI 


RADAR AZIMUTH 


ANGLE EAST FROM NORTH 



FREQUENCY • 13*9 GHZ 
VERTICAL polarization 
FRICTION VELOCITY • 29.9 CN/SEC 

WIND OUT OF 183 . DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 20 * DEG 


I 

• 1.0 
- 1.9 
- 2.0 
- 2.5 
- 3.0 
- 3.5 
- 4.0 
-A . 5 
- 5.0 
— 5.5 
- 6.0 
- 6.5 
- 7.0 
- 7.5 
- 8.0 
- 0.5 
- 9.0 
- 9.5 
- 10.0 
- 10.5 
- 11.0 
-U .5 
- 12.0 
- 12.5 
- 13.0 
- 13.5 
-lA.O 
-IA .5 
- 15.0 


THEORY ■ ***** 

flight line run JONSNAP 79 DATA • X 

18 4 1 


** 


♦X 9 X* X 

X666* V 

X9**X* 


****• 
*** XX 
*•%** X X 


y*X*9*X*X 

X 


X X 9 X 

XXX X«X«X X X X«* 9 * 

A 8 A 9 X X X 9 X 999 

*mx*%*** 


0 . 


30 « 


60 . 


90 . 120 * 150 . 180 * 210 . 240 * 270 . 300 . 330 . 360 . 


00 

00 


RADAR AZINUTH ANGLE EAST FROH NORTH 



NRCS VERSUS AZIMUTH ANCLE 


FREOUENCr • 13*9 CNZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 31*9 CM/SEC 

WIND OUT OF 203* DECREES EAST OF NORTH 
INCIDENCE ANCLE • 65* DEG 


NRCS 

fOD) 

- 20.0 

-20.9 

- 21.0 

-21.5 

- 22.0 

-22.5 

-23.0 

-23.5 

-2A.0 

-2<».5 

-25.0 

-25.5 

- 26.0 

-26.5 

-27.0 

-27.5 

-26.0 

-26.5 

-29.0 

-29.5 

-3v.O 

-305 

-3i.O 

-31.5 

-32.0 

-32.5 

-33.0 

-33.5 

-3A.0 

-34.5 

-35.0 


flight line run 
16 4 14 


THEORY • 

JONSWEP 79 DATA • X 


X 

XX X 
XX X 


X 

♦XXP94XPX 
# «« 

X ♦ 

X* 

X9 


♦ 

X 

X 

9 

•X 

9 

9 

9 


9 9 
99 


X 


X 


X 


99 X 
9 

9 

• X 
9 

9 

9 

X 

9 

9 


X X 

9 

9 

X99 

9 

9 

X 

9 

X 


9 9 

9 X9X 
99 

X 


X X 

X 


0. 30. 60. 90. 120. 150. 160. 210. 240. 270. 300. 330. 300. 


09 

SO 


RADAR AZIMUTH ANGLE EAST FROM NORTH 



FREOUENCr • *3*9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 32«0 CN/SEC 

WIND OUT OF 244. DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 6»* DEG 


NRCS THEORY • 

(DB) flight line run JONSWAF 75 DATA • X 

- 20*0 

-20.5 19 A 17 

- 21.0 
-21.5 
- 22.0 
- 22.5 
-23.0 
-23.5 

-24.0 X X 

-24.5 ♦ 

- 2&.0 

- 2 '..5 XX * 

-ze.o ** 


X X 


XX X 

X *«*•*#** 

X X X X 4 *• 

***•*4 X X X44 X 

♦4 4 4X 

4* * * 

* X X *x 


-2f.5 ♦ 

-27. C ♦ 
-27. X 
-2b. 0 * 

— 2 y . ^ 

-29.0 

-29.5 

-3C.C 

-3C.5 

-U.C 

-il.5 
-32. C 
-32.5 
-33.0 
-33.5 
-34.0 
-34.5 
-35.0 



X 


X 


X 


X 


♦ X 
* 

♦ 


* 

X* 4 

44 44 

4 

X 



0 * 30 . 60 . 90 . 120 . 150 . 180 . 210 . 240 . 270 . 300 . 330 . 360 . 


o 


RADAR AZINUTH ANGLE EAST FRON NORTH 



NftCS VERSUS AZZnUTH ANCLE 


fREOUENCY • 13.9 CHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 33*1 CH/SEC 

WIND OUT OF 236. DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 30* DEG 


NRCS 
(OB) 
-5#0 
-5.5 
— 6.0 
-6.5 
-7.0 
-7.5 
- 8.0 
-8.5 
-9.0 
-9.5 
- 10*0 
-10.5 
-ll.O 
-11.5 
- 12.0 
-12.5 
•13.0 
-13.5 
-i<>. j 
- 1 


f i i ght 1 i ne run 
24 4 1 


THEORY • PPPPP 
JONSWAP 79 DATA • X 


•X X X 
XX XX 

X* ♦x 


x«» 

4> 


• • 

♦ XX** 

*X X XX 

* * 

* XX 

*X X ♦ 

X * X 

• ♦ 

X** X * 

X*X X* • XX 

♦XX* * X 

* * 4 < ♦ 

. • / ^ • » * « 


X** 

* 


^ m ^ 

-2C.C VO 

M 

0 . 3 ;>. eo. 90. 120. 150. 180. 2l<^. 240. 271. 300. 330. 360. 


RAOAi* AZIMUTH ANGLE EAST FROM NORTH 



FREQUENCY • 13«9 GHZ 
VcRTlCAL POLARIZATION 
FRICTION VELOCITY • 33*2 CN/SEC 

kINO OUT OF 207« DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 20. DEG 


NRCS 
(DB) 
0.0 
-.5 
- 1.0 
-1.5 
- 2.0 
-2.5 
-3.0 
-3.5 
-4.0 
-4.5 
-5.0 
-5.5 
- 6.0 
-6.5 
-7.0 
-7.5 
- 8.0 
-0.5 
-9.0 
-9.5 
- 10.0 
-10.5 
- 11.0 
-11.5 
-IZ.O 
-12.5 
-13.0 
-13.5 
-14.0 
-’4.5 
-* .0 


flight line run 
17 4 1 


THEORY • 

JONSHAP 75 DATA - X 


X X 

X XXX 


♦ ♦x*4 

x**«* 

X 

X 


•♦♦X 

♦♦♦X X *X4X X 

•66X X *X*X X X«* 

•**X X *X** *K^*• 

*** X«*««««*X 

XXX XXX 


il 



30. 


60. 


90. 120. 150. 100. 210. 240. 270. 300. 330. 360< 


vO 


RADAR AZIHUTH ANGLE EAST FRON NORTH 



NRCS VERSUS AZIMUTH ANGLE 


FREQUENCY • 13.9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 33«S CN/SEC 

WIND OUT OF 191. DEGREES EAST OF NORTH 
INCIDENCE ANGLE • AO* DEG 


NPCS 

(DB> 

•lO.O 

-10.5 

- 11.0 

-11*5 

- 12.0 

-12.5 

13.0 

-13.5 

-lA.O 

-1A.5 

-15.0 

-15.5 

- 16.0 

-16.5 

-17.0 

-17.5 

-le.o 

-18.5 

-19.0 

-19.5 

- 20.0 

-20.5 

- 21.0 

-21.5 

- 22.0 

-22.5 

-23.0 

-23.5 

-2A.0 

-2A.5 

-25.0 


flight line run 

18 4 6 


THEORY ■ 

lONSWAP 75 DATA ■ X 


♦X x*x* 

X* 

X X 

«* 

9 

X 

99 

X9 

9 

9 


9 

99X X*9 X 

• X X99 


9X 

X 

X9 

9 

9 

X 


♦ X 
9 

♦X 

9 

• X 

9 


X9 

9 


X 

9 


9 

X 


X 

99 


X 

X9 

X* 

X9 

99 


9 
• X 

X 


X 9999 

X X 


X99* 

X 


0. 30. 60. 90. 120. 150. 180. 210. 240. 270. 300. 330. 360* 


RADAR AZIMUTH ANGLE EAST FROM NORTH 



FREOUENCV • 13*9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY • 36*1 CN/SEC 

WtNO OUT OF 206. DEGREES EAST OF NORTH 
INCIDENCE ANGLE • 40* 0E6 


NRCS 
(DD) 
-9.0 
-9.5 
- 10.0 
-10.5 
- 11. 0 
-11.5 
- 12.0 
-12.5 
-13.0 
-13.5 
-14.0 
-14.5 
-15.0 
-15.5 
— 16.0 
-16.5 
-17.0 
-17.5 
- 10.0 
-10.5 
-19.0 
-19.5 
- 20.0 
-2C-.5 
- 21.0 
-21.5 
- 22.0 
-22.5 
-23.0 
-23.5 
-24.0 


flight line run 
17 4 6 


THEORY ■ ♦♦♦♦♦ 
40NSWAP 75 DATA • X 


*♦♦♦ 

X x*x 

♦ X ♦ 

♦♦♦X *x X* 


X*x X X 

X x« ♦ 

X X 

• X X* 

• 4 

X 4 

♦ X 

* 4 

X4X X 

4 4 


4X4X 



X 

44 



4 


X 

X4 

X4 

4 


X 4 

4X X 

♦ X4 
4X44 


0. 30. 60. 90. 120. 150. 180. 210. 240. 270. 300. 330. 360. 


40 


RADAR AZINUTH ANGLE EASY FROM NORTH 



NRCS VERSUS AZIMUTH ANGLE 


fREOUENCY •• 13*9 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITY ^ A2*7 CM/SEC 

WIND OUT OF 198. DEGREES EAST OF NORTH 
INCIOFNCE ANGLE • 65. OEG 


NPCS 
(OP) 
-16.0 
-16.5 
-17.0 
-17.5 
- 18. 0 
-ie.5 
-19.0 
-19.5 
- 20.0 
-20.5 
- 21.0 
-21.5 
- 22.0 
-22.5 
-23.0 
-23.5 
-2A.0 
-2A.5 
-25.0 
-25.5 
- 26.0 
-26.5 
-27.0 
-27.5 

-25.5 
-29.0 
-29.5 
-30. C 
-30.5 
-31.0 


niftht line run 
18 4 U 


THEORY ■ ♦♦♦♦♦ 
JONSWAP 79 DATA • X 


X X 


** 

* 

* 


* * 


** 

•x*x x*x 


XPX 


X ♦ 


• X 

• X 

* X 
* 


X* 


* 


X 


X 

* 


X 


X 




«X X 
X 

* 

X X 
X 


X ♦ 
X X 


0 . 


30. 60. 


90 . 120 . 190 . 160 . 210 . 240 . 270 . 300 . 330 . 360 . 


so 


TAOAR AZIMUTH ANGLE EAST FROM NORTH 




FREQUENCY • 13«Q 6HZ 
VERTICAL ROIARIIATION 
FRICTION VELOCITY • 44*2 CH/SBC 

WIND OUT OF 211* DECREES CAST OF NORTH 
INCIDENCE ANGLE • 65* DEG 


NRCS 

(OB) 

a^.o 

>15«S 
'16.0 
'16*5 
•17*0 
•17.5 
• 18.0 
•16.5 
• 19.0 
•19.5 
• 20.0 
•2C. 5 
• 21.0 
•21.5 
• 22.0 
•22.5 
•23.0 
•23.5 
-24.0 
-24.5 
-25.0 
-25.5 
‘26.0 
•26.5 
-27,0 
•27.5 
-28.0 
-28.5 
-29,0 
-29.5 
-30.0 


flight line run 
17 4 11 


THEORY • 444M 
JONSWAF 75 OAT* • X 


• X 

X*X X448X X 
4# 4 


X4X X X X X4 


X4X 

44 


44 


4X 

4 


44 

X4 


X4 

4 


4X 

4 


X4 

4 


► X4 

4 X 4 
44 44 
X4 


X 

4 


44 44 

X4X X 


0. 30. 60. 90. 120. 150. 180. 210. 240. 270. 300. 330. 3G0. 




RADAR AZINUTH ANGLE EAST FRON NORTH 



APPENDIX B 


TABLES OF THE THFOPf:TICAL NRCS 





110.0 120.0 130.0 1 « 0*0 130.0 160.0 170.0 180.0 


16.7 16.7 16.7 16.7 16.7 16.7 16.7 14.7 

16.6 16.6 16.6 16.6 16.6 16.6 16.4 14.4 

13.3 13.3 13.3 13.3 13.6 13*6 13.4 13.6 

11 . S 11.5 11.6 11.6 11.7 11.7 11.7 11.7 

6.0 9.0 9.1 9.2 9.2 9.3 9.3 9.3 

S .7 S .8 3.9 6.0 6.1 6.2 6.2 6.2 

1.6 1.7 1.9 2.0 2.2 2.3 2.6 2.6 

- 3.3 - 3.2 - 3.0 - 2.7 - 2.3 - 2.6 - 2.3 - 2.2 

- 9.1 - 6.9 - 8.6 - 8.6 - 8.1 - 7.9 - 7.7 - 7.7 

- 13.8 - 13.5 - 13.2 - 16.8 - 16.3 - 16.2 - 16.0 - 13.9 

- 23.0 - 22.6 - 22.2 - 21.8 - 21.4 - 21*1 - 20.8 - 20.8 

- 29.3 - 28.9 - 26.3 - 26.1 - 27.8 - 27.3 - 27.2 - 27.1 

- 33.3 - 32.9 - 32.3 - 32.2 - 32.0 - 31.7 - 31.3 - 31.5 

- 33.7 - 33.3 - 36.9 - 36.6 - 36.6 - 36.2 - 36.9 - 36.0 

- 37.6 - 37.1 - 36.7 - 36.6 - 36.2 - 36.0 - 33.8 - 33.6 

- 39.3 - 39.8 - 36.6 - 38.0 - 37.8 - 37.6 - 37.6 - 37.6 

- 60.9 - 6 C .6 - 39.9 - 39.6 - 39.3 - 39.1 - 38.9 - 38.9 

- 62.6 - 61.9 - 61.6 - 61.0 - 60.7 - 60.3 - 60.6 - 60.3 

- 63.8 - 63.3 - 62.8 - 62.6 - 62.1 - 61.9 - 61,7 - 61.7 

- 65.2 - 66.7 - 66.2 - 63.8 - 63.6 - 63.2 - 63.1 - 63.0 

- 66.6 - 66.0 - 63.5 - 63,1 - 66.7 - 66,3 - 66,6 - 66.3 

- 67.9 - 67.3 - 66.8 - 66.6 - 66.0 - 63.8 - 63.6 - 63.6 

- 69.1 - 66.6 “ 68.1 - 67.6 - 67.3 - 67.0 - 66.9 - 66.8 

“ 50.6 - 69.9 “ 69.3 - 68.9 - 68.5 - 68.3 - 66.1 - 68.1 

- 51.7 - 51.1 - 5 C .6 - 30.1 - 69.7 - 69,3 - 69,3 - 69 , B 

- 52.9 - 32.6 - 31.6 - 31.3 - 31.0 - 50.7 - 50.6 - 30.5 

- 36.1 - 33.6 - 53.0 - 52.6 - 32.2 - 32.0 - 51.8 - 31.8 

- 33.6 - 36.6 - 56.3 - 33.6 - 33.3 - 33.2 - 31.0 - 33.0 

- 56.6 - 36.1 - 33.6 - 33.1 - 56.7 - 36.5 - 36.3 - 36.3 

- 57.9 - 37.6 - 56.8 - 36.6 - 56.0 - 33.8 - 33.6 > 33.3 

- 59.2 - 58.7 - 58.2 - 37.7 - 57.3 - 57.1 - 36.9 - 96.9 

- 60.6 - 60.1 - SO.B - 99.1 - 3 B .7 -58.6 - 38,3 > 96.2 S 

- 62.0 - 61.5 - 60.9 - 60.9 - 60.1 - 99.9 - 99.7 - 99.7 

- 63.6 - 62.9 - 62.6 - 61.9 - 61.6 - 61.3 - 61.2 - 61.1 

- 66.9 - 66.6 - 63.9 - 63.3 - 63.1 - 62.9 - 62.7 - 62.7 

- 66.9 - 66.0 - 63.5 - 63.1 - 66.7 - 66.3 - 66.6 - 66.8 




NftCS TABLE IN DECIBELS 


FBEOVCNCV • 13.9 GHZ 
HORIZONTAL ROLARIZATION 
FRICTION VELOCITV - 10.0 CH/SEC 


iD i<«s 



INCIDENCE 
ANCLE (DEGI 


0.0 10.0 20.0 


30.0 ^0.0 


^0.0 


60.0 


RELATIVE ATTMUTH ANGLE (DEG) 
70.0 60.0 90.0 100.0 U0«0 


120.0 130.0 lAO.O 130.0 


160.0 170.0 


0.0 

13.0 

13.0 

13*0 

13.0 

13.0 

13.0 

2.0 

12.8 

12.8 

12.6 

12.8 

12.6 

12.8 

A.O 

12.1 

12.1 

12.1 

12.1 

12.1 

12.1 

6*0 

11.0 

ll.Q 

11*0 

11. 0 

U.O 

10.9 

6.0 

9. A 

9. A 

9. A 

9.A 

9.3 

9.3 

10.0 

7.A 

7. A 

7.3 

7.3 

7.2 

7.1 

12.0 

A.a 

A.6 

A.6 

A. 7 

A.6 

A. 5 

lA.O 

l.e 

1.7 

1*6 

1.5 

l.A 

1.2 

16.0 

-1.3 

-1.9 

-2*0 

-2.2 

-2.3 

-2.6 

18.0 

-5.9 

-6.C 

-5.1 

-6. A 

-6.6 

-6.9 

2;r.O 

-1C. A 

-1C. A 

-10.7 

-11.0 

-11. A 

-11.7 

22.0 

-IA.7 

-lA.fc 

-15.2 

-15.7 

-U.2 

-16.7 

2A.0 

-lc.3 

-16.5 

-18.9 

-19.6 

-20.3 

‘21.0 

26.0 

-2C.8 

-21.0 

-21.6 

-22.3 

-23.2 

-2A.0 

26.0 

-22.9 

-23.1 

-23.6 

-2A.3 

-25.2 

-26.1 

30«0 

-2A.8 

-25.0 

-25. A 

-26.1 

-27.0 

-27.9 

32.0 

-26.5 

-26.6 

-27.1 

-27.8 

-20.6 

-29.5 

3A.0 

-2E.1 

-23.2 

-28.6 

-29.2 

-30.1 

-31.0 

36.0 

-29.6 

-29.7 

-30.1 

-30.6 

-31.6 

-32.A 

38.0 

-31.0 

-n.i 

-31.5 

-12.2 

-32.9 

-33.0 

AO.O 

-32. A 

-32.5 

-32.9 

-33.5 

-3A.3 

-35.2 

A2.0 

-33.7 

-33.0 

-34.2 

-3A.8 

-35.6 

-36.3 

AA.O 

-35.0 

-35.1 

-35.5 

-36.1 

-36.8 

-37.7 

A6.0 

-36.3 

-36. A 

-36.3 

-37.3 

-38.1 

-39.0 

A8.0 

-37.5 

-37.t 

-38.0 

-38.6 

-39.3 

-AO. 2 

50.0 

-38.8 

-33.9 

-39.2 

-39.8 

-At. 5 

-Al.A 

52.0 

-AC.O 

-AO.l 

-AC. A 

-41.0 

-A1.7 

-A2.6 

5A.0 

-A1.2 

-Ai.3 

-Ai.6 

-A2.2 

-A2.9 

-A3. 8 

56.0 

-A2.A 

-A2.5 

-A2.9 

-43.A 

-AA.l 

-A3.0 

50.0 

— A 3 . 6 

-A3. 8 

-AA.l 

-A4.6 

-A5.A 

-A6.2 

60.0 

-AA.9 

-A5.0 

-A5.3 

-A5.9 

— A6 • 6 

-A7.5 

62.0 

-A6.2 

-46.3 

-A6.6 

-A7.2 

-A7.9 

-A0.0 

6A.0 

-A7.5 

-A7.6 

-A7.9 

-A8.5 

-A9.2 

-50.1 

66.0 

-A6.a 

-Ad. 9 

-A9. 3 

-A9.8 

-50.5 

-51. A 

68.0 

-50.2 

-50.3 

-50.7 

-51.2 

-51.9 

-52.8 

70.0 

-51.7 

-51.8 

-52.1 

-52.7 

-33. A 

-5A.3 


13.0 13.0 

12.6 12.8 

12.1 12.1 

10.9 10.9 

9.2 9.2 

7.1 7.9 

<i.A A. 3 

1.1 1.0 

-2.7 -?.9 

-7.2 -7. A 

-12.1 -12. A 
-17.2 -17.6 
-21.7 -22.3 
-2A.8 -25.5 
-26.9 -27.7 
-20.0 -29.6 
-20. A -31.3 
-31.9 -32.0 
-33. A -3A.2 
-3A.3 -35.7 
-56.1 -37.0 
-37. A -3*^.3 
-38.7 -39.6 
-39.9 -A0.8 
-Al.l -A2.1 
-A2.A -A3. 3 
-A3. 6 -AA.5 
-AA.8 -A5.7 
-A6.0 -A6.9 
-A7.2 -A*».? 
-AB.5 -A9.A 
-A9.7 -50.7 
-51.0 -52.0 
-52. A -53. A 
-53.6 -5A.8 
-55.3 -56.3 


13.0 

12.8 

12.1 

10.9 

9.2 
7.0 
A. 2 
.9 
-3.0 
-7.5 
- 12.6 
-17.9 
-22.7 
-26.1 
-28. A 
-30,3 
-31.9 
-33.5 
-35.0 
-36. A 
-37.7 
-30.0 
-AO. 3 
-Al.6 
-A?. 3 
-AA.O 
-A5.3 
-A6.5 
-A7.7 
-A3. 9 
-50.2 
-51.5 
-52.3 
-5A.2 
-55.6 
-57.1 


13.0 

12.6 

12.1 

1C. 9 

9.2 

7.0 

A.2 

.9 

-3.0 

-7.5 

- 12.6 

-le.o 

-22.9 
-26.3 
-28.7 
-30.6 
-32.3 
-33.0 
-35.3 
-36.7 
-30.1 
-39. A 
-AO. 7 
-A1.9 
-A3. 2 
-AA . A 
-A5.6 
-A6.9 
-A8.1 
-A9.3 
-50.6 
-51.9 
-53.3 
-3A.6 
-56.1 
-57.6 


13.0 

12.8 

12.1 

10.9 

9.2 
7.0 
A.2 
.9 
-3.0 
-7.5 
- 12.6 
-17.9 
-22.8 
-26.2 
- 28.6 
-30.5 
-32.2 
-33.7 
-35.2 
-36.6 
-36.0 
-39.3 
-AC. 6 
-A1.9 
-A3. I 
-AA.3 
-A5.6 
-A6.8 
-A6.1 
-A9.3 
-5C.6 
-51.9 
-53.3 
-5A.7 
-56.1 
-57.6 


13.0 

12.6 

12.1 

10.9 

9.2 

7.0 

A. 3 

1.0 
-2.9 
-7. A 

-12. A 
-17.7 
•22.5 
-25.9 
-28.2 
-30.1 
-31.8 
-33.3 
-3A.8 
-36.2 
-37.6 
-38.9 
-AO. 2 
-A1.5 
-A2.7 
-AA.O 
-A5.2 
-A6.5 
-A7.7 
-A9.0 
-50.3 
-51.6 
-52.9 
-5A.3 
-55.8 
-57.3 


13.0 

12.6 

12.1 

10.9 

9.2 

7.1 

A. A 

1.1 
-2.7 
-7.2 

• 12.2 
•17. A 
• 22.1 
•25.5 
•27.8 
•29.7 
•31.3 
-32.9 
•3A.3 
-35.7 
•37.1 
•38. A 
-39.7 
-Al.O 
-A2.2 
-A3.5 
-AA.7 
•A5.9 
-A7.2 
•A6.5 
•49. 8 
-5).l 
-52. A 
•53.9 
-55.3 
•56.9 


13tO 

12.6 

12.1 

10.9 

9.3 

7.1 
A .5 

1.2 
• 2.6 
-6.9 

-11.9 
•17.1 
-21.8 
-25.2 
-27.5 
-29.3 
-31.0 
-32.5 
-33.9 
-35.3 
-36.6 
-37.9 
-39.2 
-AO. 5 
-AX. 7 
•A3.0 
-AA.2 
-A5.A 
-A6.7 
-A6.0 
-A9.3 
-50.6 
-51.9 
-53. A 
-5A.6 
-56.A 


13.0 

12.8 

12.1 
11.0 

9.3 
7.2 
A.6 
I. A 
-2. A 
-6.7 
- 11.6 
•16.7 
-21.5 
-2A.9 
-27.2 
-29.1 
•30.7 
-32.2 
-33.6 
-3A.9 
-36.3 
-37.6 
-38.6 
-AO. I 
-A1.3 
-A2.5 
-A3.6 
-A5.0 
-A6.3 
-A7.5 
-AS. 8 
-50.2 
-51.5 
-52.9 
-5A.A 
-56.0 


13.0 

12.8 

12.1 
11.0 

9. A 
7.3 
A. 7 
1.5 
- 2.2 
•6.5 
•11.3 
•16. A 
- 21.2 
-2A.7 
-27.0 
-26.9 
-30. A 
-3X.9 
•33.3 
-3A.7 
•36.0 
-37.3 
•38.$ 
•39.6 
-Al.O 
-A2.2 
-A3. A 
-AA.7 
-A5.9 
-A7.2 
-A8.5 
-A9.8 
•51.2 
-52.6 
-5A.1 
-55.6 


13.0 

X2.8 

12.1 

U.O 

9. A 
7.3 
A. 7 
1.6 
- 2.0 
-6.3 
• 11.1 
-16.1 
-20.9 
-2A.A 
• 26.8 
-28.7 
-30.2 
-31.7 
-33.1 
-3A.5 
-35.0 
-37.0 
-38.3 
-39.5 
-Ao.e 
-A2.0 
-A3. 2 
-AA.A 
-A5.7 
-A7.0 
-A6.3 
•A9.6 
-51.0 
-52. A 
-53.9 
•55. A 


13.0 
I2«8 

12.1 

U.O 

9. A 
7. A 
A.e 
1.7 
-1.9 
• 6.2 
-10.9 
-15.9 
-20.7 
•2A.2 
-26.6 
•28.5 
-30.1 
-31*6 
-33.0 
-3A.3 
-35.6 
-36.9 
-38.2 
-39. A 
-A0.6 
-A1.8 
-A3.1 
-AA.3 
-A5.6 
-A6.8 
-A6.1 
-A9.5 
-50.8 
-52.3 
-53.7 
-55.3 


100.0 

13.0 
12.6 
12a 

11.0 
9. A 
7# A 
A.6 
1.7 

-1.9 
• 6.1 
- 10.6 
-15.9 
- 20.6 
•2A.1 
-26.6 
-28. A 
-30.0 
-31.5 
-32.9 
-3A.3 
-35.6 
-36.9 
-38.1 
-39. A 
-AO. 6 
-Al.O 
-A3.0 
•AA.3 
-A5.5 
•A6.6 
-A6.1 
-A9.A 
-50.8 
-52.2 
•53.7 
-55.3 



NRC$ TABLS IN 0ECI8ELS 


FKEOCtNCV ■ 13.9 CHZ 
HORIZONTal POLARIZATIOi: 
FRICTION VELOCITY • IS.O CM/SEC 


INCIDENCE REL3TIVF aZINUTH aNGLE (OEG) 


AHCIE fOECI 

C»0 10*0 20*0 30*0 ^0«0 50*0 60.0 70*0 8 7 «0 90.0 100*0 

110*0 

120*0 

130*0 

140*0 

o 

• 

o 

160*0 

170*9 

160*0 

0*0 

12*2 12*2 12*2 12*2 12*2 12*2 12*2 12*2 12*2 12*2 12*2 

IZ.Z 

12*2 

12*2 

12*2 

12*2 

12*2 

12*2 

. 12*2 

2.0 

12*C 12*0 12.0 12*0 12*0 12*0 12*0 12*0 12*0 12*0 12*0 

IZ.O 

12*0 

12*0 

12*0 

12*0 

12.0 

12.0 

12*0 

^•0 

11*3 11*3 11*9 11*9 11*9 11*9 11*9 U.9 U*9 11*9 11*9 

n*4 

11*4 

11*4 

11*4 

11*4 

11*4 

11*5 

11*5 

6.0 

1G«3 10*3 1C *3 10.3 10*3 10*3 10*3 10*9 10*9 10*9 10*9 

1C«^ 

10*5 

10*5 

10*5 

10*5 

10*5 

10*5 

10*5 

8.0 

9*3 9*3 9.2 9.2 9.2 9.1 9*1 9.1 9,0 9.0 9.0 

9*1 

9*1 

9*1 

9*2 

9.2 

9*2 

9*3 

9*3 

10. 0 

7.6 7.6 7.5 7*3 7*9 7*9 7.3 7*1 7*2 7*2 7*2 

7.3 

7*3 

7.4 

7.4 

7*5 

7.5 

7*6 

7*6 

IZ.O 

3*3 3.3 3.3 3.9 3.3 3.2 3.1 3.1 3.0 3*0 3*0 

3*1 

5*1 

5*2 

5*3 

3*4 

5*4 

5*5 

5*5 

l^.O 

3*0 3*0 2*9 2*8 2*7 2*6 2*3 2*9 ^*3 2*3 2*3 

2*^ 

2.5 

2*6 

2.7 

2*8 

2*9 

3*0 

3*0 

16.0 

.1 .1 .0 *.l *.3 *.5 •♦G *.8 •*8 *.9 “*6 

• • 8 

-.6 

-.5 

-.3 

-*2 

•*l 

*0 

• 0 

18*0 

-3.1 -3.2 -3.3 -3.5 -3.8 -a.O -a. 2 -4.G -G.9 -G.5 -<..5 

-<i*^ 

-4.2 

-4*0 

-3*8 

-3.7 

•3*5 

-3*4 

•3*3 

20*0 

— G.7 — G.8 —7.0 —7.3 —7.6 —7.9 —8.2 —8.6 —8.6 —8.7 —6.6 

•6*5 

-6*3 

-6*0 

-7.6 

•7*6 

. •7.4 

-7*2 

-7*2 

22*0 

-It. 3 -10.6 -10.7 -11.1 -11.6 -12.1 -12.6 -12.8 -13.0 -13.1 -13.0 

•12*9 

-12*6 

-12*3 

-12*1 

-11*6 

•11*5 

•11*4 

•11*3 

24«C 

-13.6 -13.6 -16.0 -16.6 -15.3 -15.9 -16.6 -16.9 -17.3 -17.6 -17.3 

•17*1 

-16*6 

-16*5 

-16*2 

-15*9 

•15.7 

-15.5 

-15*4 

28«0 

-15.0 -16.0 -16.5 -17.2 -18.0 -18.6 -19.5 -20.2 -29,7 -20.9 -20.8 

-20.3 

-20*1 

-19*9 

-19.6 

-19*4 

-19.1 

-16.9 

-16*6 

28,0 

-17.6 -17.8 -18,3 -19,1 -20,0 -20.8 -21.6 -22,6 -23,0 -23,3 -23.2 

-22.8 

-22.4 

-22*2 

-22*0 

-21*6 

•21*5 

•21*3 

-21*2 

30.& 

-19,3 -19.6 -2C.0 -20.7 -21.6 -22.5 -23.6 -26.1 -26.8 -25.1 -25.0 

-2<i.6 

-24.2 

-23*9 

-23*7 

•23*5 

•23*3 

•23*1 

-23*1 

32*0 

-21.0 -21.2 -21.7 -22.6 -23.3 -26,2 -25.0 -25.9 -26,5 -26.9 -26.8 

-26*4 

-26.0 

-25*6 

-25.4 

-25*2 

•25*0 

•24*6 

-24*6 

34*0 

-22.6 -22.6 -23.3 -26.0 -26.8 -25.7 -26.6 -27,6 -?8,1 -28,5 -28.6 

-20*0 

-27*5 

-27*2 

-26.9 

-26*7 

•26*5 

•26*4 

•26*3 

36.C 

-26,2 -26,3 -26,3 -25.6 -2t,3 -2f.l -28.1 -28.9 -?'>,6 -*0.0 -29,9 

-29.5 

-29*0 

-26*7 

-26*4 

-28*1 

-27.9 

-27.8 

-27.7 

38.0 

-25.6 -23.0 -26.2 -26.8 -27.6 -2'-. 5 -29,5 -30,3 -31,0 -31.6 -31.3 

-30*9 

-30*5 

-30*1 

-29.7 

-29*5 

-29*3 

•29*2 

•29*1 

^0.0 

-27,0 -27,2 -27,6 -28.2 -29.0 -29,9 -30.8 -3!. 7 -3?, 6 -32.8 -32.7 

-32.3 

-31*6 

-31*4 

-31*1 

-30*6 

-30*6 

•30*5 

-30*4 

^2.0 

-26,6 -28.5 -28.9 -29,5 -30.3 -31.2 -32.1 -33.0 -39,7 -36,1 -36,0 

•33*6 

-33*2 

-32*7 

-32.4 

-32*1 

-31*9 

•3i*e 

-31*7 

44.C 

-29,7 -29.6 -30.2 -30,8 -31.6 -32.6 -33.6 -36,3 -35.0 -35,6 -36.3 

-34*9 

-34.5 

-34*0 

-33*6 

-33*4 

-33*2 

•33*0 

-33*0 

46«0 

-30.9 -31,1 -31.6 -32.0 -32.8 -33.7 -36,6 -35,6 -36,3 -36.7 -36,6 

-36.2 

-35.7 

-35*3 

-34.9 

-34*6 

-34*4 

-34.3 

•34*2 

48.0 

-32.2 -32,3 -32.7 -33.3 -36.0 -36,9 -35.9 -36.8 -37,5 -37,9 -37.8 

-37*5 

-37.0 

-36*5 

-36*1 

•35*6 

•35*6 

-35*5 

-35*4 

30*0 

-33.6 -33,5 -33.9 -3'.. 5 -35.2 -36.1 -37.1 -38.9 -38. « -39.1 -39,1 

-3B*7 

-3a. 2 

-37.8 

-27.4 

-37.1 

-36*8 

•36-7 

-36*7 

32*0 

-36.6 -36,8 -35,1 -35.7 -36.6 -37.3 -3). 3 -39.? -69,0 -60,6 -6C.3 

-40*0 

-39.5 

-39.6 

-39.6 

-36*3 

•31**1 

-37*9 

-37.9 


-35.9 -3£»0 -36,3 -36.9 -37.6 -38,5 -39,5 -69.6 -61.2 -61,6 -61,6 

-41.2 

-40.7 

-40*2 

-39*6 

-39.5 

-39*3 

•39*2 

-39*1 

56.0 

-37.1 -37.2 -37.5 -38.1 -J8,e -39,7 -60.7 -61.7 -6?, 6 -62,8 -62.8 

-42*4 

-42*0 

-41*5 

-41.1 

-40.7 

-40*5 

-40*4 

-40*3 

3e*0 

-38,3 -38.6 -36.8 -39,3 -60.1 -60.9 -61.9 -6?. 9 -63,7 -66.1 -66.0 

-43.7 

-43.2 

-42.7 

-42*3 

-42*0 

-41*6 

•41*6 

-41*6 

6C.0 

-39. 5 -39,7 -60.0 -60,5 -61.3 -62.2 -63.2 -66.1 -66,9 -65,3 -65.3 

-45*0 

-44*5 

-44*0 

-43*6 

-43*3 

•43*1 

-42.9 

-42.9 

62*C 

-60.8 -60.9 -61,3 -61,8 -62.5 -6i.6 -66,6 -65.6 -66,2 -66.6 -6t.6 

-46.3 

-45.8 

-45*3 

-44*9 

•44*6 

•44*4 

•44*2 

-44*2 

6^*0 

-62,1 -62.2 -62,5 -63.1 -63.8 -66,7 -65.7 -66. -67,5 -67.9 -67.9 

-47*6 

-47.1 

-46*7 

—4 6* 2 

-45*9 

-45*7 

-45*6 

-4 5.6 

66*0 

-63,6 -63.5 -63.9 -66,6 -65,1 -66,0 -67.0 -68.0 -68,8 -69,3 -69.3 

-49*0 

-46*5 

-48*0 

-47*6 

•47*3 

-47*1 

-47.3 

-46*9 

68*0 

-66.8 -66,9 -65.3 -65,6 -66,5 -67,6 -68,6 -69,6 -50.2 -50,7 -50.7 

-50.4 

-50.0 

-49*5 

-49.x 

-46*6 

•46*6 

-46*6 

-46*4 

70.0 

-66.3 -66,6 -66.7 -67.2 -68.0 -68,6 -69,8 -50.0 -51,7 -52.2 -52.2 

-51*9 

-51*5 

-51*0 

-50*6 

•50*3 

•50*1 

-50*9 

-49.9 


iOO 



NRCS TA91E IN DECIBELS 


TNCIOLNCE 
ANGLE tOEG) 


0*0 1 G «0 20«0 30*0 


hO.O 


FREQUENCY • 13.9 GHZ 
HORIZCNTAl POLARIZATION 
FRICTION VELOCITY • 20.0 CM/SEC 


SO.O 


60.0 


RELATIVE AZIMUTH ANGLE lOEGI 
70.0 80.0 90.0 XOO.O 1X0.0 


X20.0 X30«0 XAO.O 150.0 160.0 


170.0 


0.0 

2.0 

4.0 

6.0 

6.0 

XO.O 

12.0 

X4.0 

16.0 

X8.0 

20.0 

22.0 

24*0 

26.0 

2B.0 

30.0 

32.0 

34.0 

36.0 

36.0 

40.0 

42.0 

44.0 

46.0 

48.0 

50.0 

52.0 

54.0 

56.0 

58.0 
tO.D 
62. G 
64«0 

66.0 
68.0 
70.0 


X1.6 U.6 11.6 

11.5 11.5 11.5 

11.0 11.0 11.0 
10.2 10.2 10.2 

9.1 9.1 9.1 

7.6 7.6 7.6 

5.3 5.8 5.8 

3.7 3.7 3.6 

1.2 1.2 I.l 

-1.6 -1.7 -1.8 

—4.7 — 4#7 — 4.V 

-7.7 -7.0 -e.i 

-10.4 -10.5 -U.O 
-12.5 -12.7 -13.2 
-14.1 -14.3 -14.9 
-15.6 -15.7 -16.3 
-17.1 -17.3 -17.8 
-18.8 -18.9 -19,4 
-20.3 -20.5 -20.9 
-21.3 -21.9 -22.4 
-23.2 -23.3 -23.8 
-24.5 -24.7 -25.1 
-25.9 -26.0 -26.4 
-27.1 -27.3 -27.7 
-28.4 -28.5 -28.9 
-29.6 *29.8 -30.1 
-30.9 -31.0 -31.3 
-32.1 -32.2 -32.5 
-33.3 -33.4 - 33.0 
-34.5 -34.6 -35.0 
-35.7 -35.9 -36.2 
-37.0 -37.1 -37.5 
-36.3 -38.4 -38.7 
-39.6 -39.7 -40.0 
-41.0 -41. I -41.4 
-42.4 -42.5 -42.8 


11.6 11.6 11.6 

11.5 11.5 11.5 

11.0 11.0 ll.O 

10.2 10.2 10.1 

9.0 9.0 9.0 

7.5 7.5 7.4 

5.7 5.6 5.5 

3.5 3.4 3.3 

• 9 .8 .6 

-2.0 -2.2 -2.4 

-5.2 -5.5 -5.8 

-8.5 -9.0 -9.4 

-11.6 -12.2 -12.8 
-13.9 -14.7 -15.5 
-15.7 -16.5 -17.4 
-17.1 -Ib.O -18.9 
-18.6 -19.5 -2D. 4 
-20.2 -21.0 -21.9 
-21.6 -22.5 -23.4 
-23.1 -23.9 -24.8 
-24.4 -25.2 -26.1 
-25.7 -26.5 -27.4 
-27.0 -27.8 -25.7 
-23.3 -29.0 -29.9 
-29.5 -30.3 -31.2 
-30.7 -31.5 -32.4 
-31.9 -32,7 -33.6 
-33.1 -33.9 -34.8 
-34.3 -35.1 -36.0 
-35.5 -3^.3 -37.2 
-36. e -37.5 -35.4 
-38.0 - 36.7 - 39.0 
-39.3 -40.0 -40.9 
-40.6 -41.3 -42.2 
-42.0 -42.7 -43.6 
-43.4 -44.1 -45.0 


11.6 XI. 6 11.6 

11.5 11.4 11.4 

11.0 10.9 10.9 

10.1 10.1 10.1 

8.9 4.9 3.9 

7.4 7.3 7.3 

5.5 5.4 3.4 

3.2 3.1 3.0 

.5 .4 .3 

-2.6 -2.B -2.9 

—6.1 —6.3 —4.5 

-9.0 -10.1 -10.3 
-13.3 -11.7 -14.0 
-16.1 -16.7 -17.2 
-18.1 -18.B -19.4 
-19.7 -20.4 -?t.l 
-21.2 -22.0 -2^.7 
-22.8 -23.6 -24.3 
-24.3 -25. ^ -24.0 
-25.7 -26.6 -27. 3 
-27.1 -r‘^.9 -24.6 
-26.4 -2;. 3 -30.0 
-29.6 -30.6 -n.3 
-30*9 -31.8 -32.5 
-32.1 -33.1 -33.8 
-33#3 -34#3 -34.0 
-34.5 -34.5 -36.2 
-35.7 -36.7 -37.4 
-36.9 -37.9 -34.7 
-38.2 -39.1 -19,9 
-39.4 -40.3 -41.1 
-40.6 -41.6 -42.4 
-41.9 -42.9 -43.7 
-43.2 -44.2 -45.0 
-44.6 -44.6 -46.4 
-46.0 -47.0 -47.8 


11.6 11.6 11.6 

11.4 11.4 11.4 

10.9 10.9 10.9 

lO.l lO.l 10.1 
6.9 e.9 B.9 

7.3 7.3 7.3 

5.4 5.4 5.4 

3.1 3.0 3.1 

.2 .3 .3 

-2.9 -2.9 -2.8 

-6.5 -6.5 -6.3 

-tO.4 -10.3 -10.1 
-14.2 -14.1 -13.9 
-17.4 -17.3 -17.0 
-19.7 -19.6 -19.2 
-21.4 -21.3 -20.9 
-23.0 -22.9 -22.5 
-24.6 -24.5 -24.2 
-26.2 -26.1 -25.7 
-27.6 -27.5 -27.1 
-29.0 -28.9 -20.5 
-30.3 -30.3 -29.9 
-31.6 -31.6 -31.2 
-32.9 -32.0 -32.5 
-34.2 -34.1 -33.7 
-35.4 -35.3 -35.0 
-36.6 -36.6 -36.2 
-37.0 -37.8 -37.5 
-39.1 -39.0 -38.7 
-40.3 -40.3 -40.0 
-41.6 -41.6 -41.2 
-42.0 -42.8 -42.5 
-44.1 -44.2 -43.8 
-45.5 -45.5 -45.2 
-46.9 -46.9 -46.6 
-46.3 -48.4 -48.1 


' 11.6 11.6 11.6 

11.5 11.5 11.5 

11.0 11.0 11.0 
10.1 10.1 10.1 
8.9 9.0 9.0 

7.4 7.4 7.5 

5.5 5.5 5.6 

3.2 3.3 3.4 

.5 .6 .7 

-2.7 -2.5 -2.3 

-6.2 -6.0 -5.7 

-9.9 -9.7 -9.4 

-13.6 -13.3 -13.1 
-16.7 -16.4 -16.2 
-18.9 -18.6 -18.5 
-20.6 -20.3 -20.1 
-22.1 -21.9 -21.7 
-23.8 -23.4 -23.2 
-25.3 -24.9 -24.7 
-26.7 -26.3 -26.0 
-28.1 -27.7 -27.4 
-29.4 -29.0 -28.7 
-30.7 -30.3 -29.9 
-32.0 -31.6 -31.2 
-33.3 -32.8 -32.4 
-34.5 -34.0 -33.7 
-35.7 -35.3 -34.9 
-37.0 -36.5 -36.1 
-38.2 -37.7 -37.3 
-39.5 -39.0 -38.6 
-40.7 -40.3 -39.9 
-42.0 -41.6 -41.2 
-43.4 -42.9 -42.5 
-44.7 -44.3 -43.9 
-46.2 -45.7 -45.3 
-47.6 -47.2 -46.8 


11.6 

11.6 

11.6 

11.5 

11.5 

11.5 

11.0 

11.0 

11.0 

10.2 

10.2 

10.2 

9.0 

9.1 

9.1 

7.5 

7.6 

7.6 

5.7 

5.7 

5.8 

3.5 

3.5 

3.6 

.9 

1.0 

1*0 

-2.2 

-2.0 

-1.9 

-5.5 

-5.4 

-5.2 

-9.2 

-9.0 

-8.8 

-12.8 

-12.6 -12.4 

-16.0 

•15*7 •15*5 

-16.3 

-18.0 -17.8 

-19.9 

-19.7 -19.5 

-21.5 

-21.3 -21.1 

-23.0 

-22.8 *22.6 

-24.4 

-24.2 -24.1 

-25.8 

-25.6 -25.5 

-27.1 

-26.9 -26.8 

-28.4 

-26.2 -28.1 

-29.7 

-29.5 -29.4 

-30.9 

-30.7 -30.6 

-32.2 

-31*9 -31.8 

-33.4 

-33.2 -33.0 

-34.6 

-34.4 -34.3 

-35.8 

-35.6 -35.5 

-37.0 

-36.8 -36.7 

-36.3 

-38.1 -3B.0 

-39.6 

-39*3 -39.2 

-40.9 

-40.6 -40.5 

-42.2 

-42.0 -41.9 

-43.6 

-43.4 -43.2 

-45.0 

-44.8 -44.7 

-46.5 

-46.3 -46.1 





160.0 

11.6 

11.5 

11.0 

10.2 

9.1 

7.6 

5.6 

3.6 

1*1 

-1*9 

-5.2 

- 6.6 

- 12.3 

- 15.4 

- 17.7 

-19.4 

-21.0 

- 22.6 

-24.0 

-25.4 

-26*6 

-28.0 

-29.3 

-30.5 

-31.8 

-33.0 

-34.2 

-35.4 

-36.7 

- 37.9 

-39.2 

-40.5 

-41.6 

-43.2 

-44.6 

-46.1 



KRCS T4RLE IN f'sCIBCLS 


FREQUENCY ■ 1^.9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 29*0 CN/SEC 


INCIDENCE RELATIVE AZIMUTH ANGLE lOEG) 


ANGLE I06G) 

0«0 

IC.O 

20.0 

30*0 AO.O t.0.0 60.0 70.0 80.0 00.0 100.0 

110.0 

120*0 

130*0 

140*0 

150.0 

160«0 

170.9 180*0 

0.0 

11*2 

11.2 

11.2 

11.2 li.2 11.2 11.2 11.2 11.2 11.2 11.2 

n .2 

n .2 

11.2 

11*2 

11.2 

11*2 

11.2 .11*2 

2*0 

11.1 

11. 1 

11.1 

11.1 U.l 11.1 11.1 11. 1 11.1 11.1 n.i 

11*1 

n«i 

ll«l 

11*1 

ll.\ 

U«2 

lia 11.1 

A.O 

10.6 

10.6 

10.6 

IG.t Iti.6 10.6 10.6 10.6 10.6 10.6 1C. 6 

10.6 

10.6 

10*6 

10*6 

10*6 

10.6 

10.6 10.6 

ft.O 

9.9 

9.9 

9.9 

9.<} Q.v i.O 0.8 0.8 9.8 9.8 9.3 

9.8 

9.0 

9.9 

9.9 

9.9 

9*9 

9.9 9.9 

8.0 

e.9 

8.9 

8.9 

8.9 8.3 8.8 8.6 8.8 8.7 6.7 8.7 

e.6 

6.8 

8*8 

6*6 

6.9 

8*9 

8*9 8*9 

XC.O 

7*6 

7.6 

7.6 

7.5 7.5 7.6 7.9 7.3 7.3 7.3 7.3 

7.3 

7.4 

7*4 

7.5 

7*5 

7.6 

7*6 7*6 

IZmO 

6*0 

6.0 

5.9 

5.9 5.8 5.7 5.7 5.6 5.6 S.6 S.6 

^.6 

5.7 

5*7 

5.6 

5.9 

5*9 

5.9 6.0 

1^.0 

4*1 

4.1 

4*0 

3.9 3.8 3.7 3.6 3.8 3.5 3.6 3.5 

3.5 

3.6 

3.7 

3.8 

3.9 

3.9 

4.0 4.0 

16«0 

1.9 

i.e 

1.7 

1.6 1.6 1.3 1.2 l.O 1.0 .9 1.0 

1.0 

1.1 

1.3 

1*4 

1.5 

1*6 

1.7 1*7 

ie«c 

-.6 

-.7 

-.3 

-1.0 -1.2 -1.6 -1.6 -1.8 -1.9 -1.9 -1.9 

-1.0 

-1.7 

-1.5 

-1.4 

-1.2 

-1.1 

-1.0 -.9 

2G*0 

-i.3 

-3.4 

-3.6 

-3.9 -^.2 -6.5 -6.7 -6.9 -5.1 -5.1 -5.1 

-5.0 

-4.0 

-4.6 

-4*4 

-^.2 

-4.1 

-3.9 -3.9 

22.G 

-5.9 

-6.0 

-6.3 

-6.6 -7.2 -7.6 -8.0 -'<.1 -5.5 -0.6 -8.5 

-D.3 

-3.1 

-7.9 

-7.7 

-7.5 

-7*3 

-7.1 -7.1 

2<».C 

-0.2 

-8.4 

- i.& 

-9.6 -10.0 -10.6 -11.1 -11.5 -11.8 -12.0 -11.9 

-11.7 

-11.4 

-11.2 

-ll.U 

-10.7 

-10.5 

-10*3 -10*2 

26*0 

-10*1 

-10.3 

-iCt.6 

-11.5 -12.3 -13.0 -13.7 -16.2 -16.7 -16.9 -16.8 

-14.5 

-14.2 

-14.0 

-13.8 

-13*6 

-13»3 

-13*1 -13*0 

28«0 

-11*5 

-11.7 

-12.3 

-13.1 -16.0 -16.6 -15.5 -16.7 -16.8 -17.1 -16.9 

-16.6 

-16.3 

-16.1 

-15.9 

-15.7 

-15.4 

-15*2 -15*1 

30.0 

-12.3 

-13.0 

-13.6 

-16.6 -15.3 -16.2 -17.0 -17,7 -18.3 -10,6 -lb. 5 

-16.2 

-17.0 

-17.6 

-17.4 

-17.3 

-17.0 

-16*8 -16*7 

32.0 

-14.2 

-14.4 

-14.9 

-15.7 -16.6 -17.5 -18.3 -19.1 -19.8 -70.1 -20.0 

-19.6 

-19.3 

-19.0 

-la.e 

'ie,6 

-ie.4 

-18*2 -18.1 

3^*0 

-15.6 

-1* . > 

-16.5 

-17.2 -18.1 -19,0 -19.9 -20.7 -21.3 -71,7 -21.6 

-31.2 

-20.0 

-2C.5 

-20.3 

-20*1 

-19.9 

-19*7 -19*7 

36.0 

-17.3 

-17,3 

-19.0 

-1L.7 -16.6 -20.5 -21,6 -22.7 -2’.9 -73.2 -23.1 

-22.7 

-22.3 

-22.0 

-21.8 

-21.6 

-21.4 

-21*2 -21*1 

38.0 

-18.8 

-19.0 

-19.4 

-20.1 -21.0 -21.9 -22,8 -23.6 -26.3 -26,7 -26,6 

-24.2 

-2S.B 

-23.4 

-23.2 

-22.9 

-22.7 

-22.6 -22*5 

GC.O 

-20.2 

-20.4 

-20.9 

-21.5 -22.3 -23.2 -26.1 -25.0 -26.7 -76.1 -26,0 

-25.6 

-25.2 

-24.8 

-24.5 

-24.3 

-24.1 

-23.9 -23*9 

^2*0 

-21.6 

-21.7 

-22.2 

-22. B -23.6 -26.5 -25.5 -26.3 -27.1 -27.6 -27.3 

-27.0 

-26.5 

-26.1 

-25.6 

-25.6 

-25.4 

-25*2 -25*2 


-22.9 

-23.1 

-23.9 

-26.1 -26.9 -25.8 -26.7 -27.6 -?8.6 -28.7 -2b. 7 

-28.3 

-27.8 

-27.4 

-27.1 

-26*8 

-26*6 

-26*5 -26.5 

A6«0 

-24.2 

-24.3 

-24.7 

-25.3 -26,1 -27,0 -28.0 -23.9 -29,6 -30.0 -29.9 

-29.6 

-29.1 

-28.7 

-26.3 

-28.1 

-27.9 

-27.7 -27*7 

AB.O 

-25.5 

-25.6 

-25.0 

-26.6 -27.6 -2b. 3 -29.2 -30.1 -30.9 -31,2 -31.2 

-30. B 

-30.4 

-29.9 

-29.6 

-29.3 

-20.1 

-29*0 -26*9 

30.0 

-26.7 

-26.8 

-27.2 

-27.6 -28.6 -29.5 -30.6 -31.6 -32.1 -32,5 -32,6 

-32.1 

-31.6 

-31.2 

-30.8 

-30.5 

-30.3 

-30*2 -30.1 

S2.0 

-27.9 

-28.0 

-28.4 

-29.0 -29.8 -30,7 -31.6 -32.6 -33.3 -33.7 -33,7 

-33.3 

-32.8 

-32.4 

-32.0 

-31. T 

-31.5 

-31*4 -31*4 

54.0 

-29.1 

-29.3 

-29.6 

-30.2 -21.0 -31.9 -32.6 -33.8 -36.5 -36,9 -36,9 

-34.6 

-34.1 

-33.6 

-33.2 

-32.9 

-32.7 

-32*6 -32*6 

55. C 

-30.3 

-30.5 

-30.8 

-31.6 -32.1 -33.0 -36,0 -35,0 -35,7 -36.2 -36.1 

-35.8 

-35.3 

-34.9 

-34*5 

-34*2 

-34.0 

-33*8 -33*6 

58.C 

-31*6 

-31.7 

-32.0 

-32.6 -33.6 -36.3 -35.2 -36.2 -37,0 -37.6 -37.6 

-37.0 

-36.6 

-36.1 

-35*7 

-35*4 

-35t2 

-35.1 -35.0 

6C.C 

-32.8 

-32.9 

-33.3 

-33.8 -36,6 -35.5 -36.5 -37,6 -38,2 -38.6 -38.6 

-38.3 

-37.8 

-37.4 

-37*0 

-36*7 

-36*5 

-36*3 -36*3 

62.C 

-34.0 

-34.2 

-34.5 

-35.3 -35.0 -36.7 -37,7 -38.7 -39,9 -39,9 -39,9 

-39.6 

-39.1 

-38.7 

-38*3 

-38*0 

-37«8 

-37*6 -37*6 

64.0 

-35.3 

-35.4 

-35.8 

-36.3 -37.1 -38.0 -39,0 -39.9 -60.7 -61.2 -61,2 

-40.9 

-4C.4 

-40.0 

-39*6 

-39*3 

-39.1 

-36*9 -38*9 

66.0 

-36.6 

-36.7 

-37.1 

-37.6 -38.6 -39.3 -60.3 -61,3 -62.1 -62,5 -62,6 

-42*3 

-41*8 

-41*3 

-40*9 

-40*6 

-40*4 

-40*3 -40.3 

60«C 

-38.0 

-38.1 

-38.4 

-39.0 -39,7 -60,6 -61.6 -62.6 -63.6 -63.9 -66,0 

-43*7 

-43.2 

-42.7 

-42*3 

-42*0 

-41*8 

-41*7 -41*7 

70*0 

-39.4 

-39.5 

-39.8 

-60.6 -61.1 -62.0 -63.0 -66.0 -66,9 -65.3 -65.6 

-45*1 

-44*7 

-44*2 

-43*6 

-43*5 

-43*3 

-43*2 -43*1 



NRCS TAQt? IN DECIBELS 


FRECUENCY • 13#9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 30.0 CH/SEC 



INCIDENCE 
ANGLE ncG 


C.O 10*0 20*0 30.0 


40.0 


50.0 


60.0 


relative AZIMUTH ANGLE fOEG) 
70.0 60.0 90.0 100.0 IIO.O 


120.0 130«0 140.0 150.0 


160.0 


170.0 


0.0 

2.0 

4.C 

6.0 

8.0 

13.0 

12.0 

14.0 

16.0 

13.0 

20.0 

22.0 

24.0 

26.0 
26.0 
3C.0 

32.0 

34.0 

36.0 

36.0 
4C.0 

42.0 

44.0 

46.0 

46.0 

50.0 

52.0 

54.0 

56.0 

56.0 

60.0 
62.0 

64.0 

66.0 
66.0 
70.0 


10.9 10.9 1C.9 

10.8 10. B 10.6 

1C.4 10.4 10.4 

9.7 9.7 9.7 

B.c 6.B e.b 
7.6 7.6 7.5 

6.1 6.1 6.1 

4.4 4.3 4.3 

2.4 2.3 2.2 

• 1 .1 -.1 

-2.2 -2.3 -2.6 

-4.5 -4.7 -5.0 

—6.6 —6.7 —7.2 

-6.2 -6.4 -6.9 

-9.5 -9.7 -10.3 

-1C. 7 -1C. 9 -11.5 
-11.9 -12.1 -12.7 
-13.3 -13.5 -14.0 
-14.9 -15.1 -15.6 
-16.H -16.6 -17.0 
-17. -18.0 -18.4 

-19.2 -19.3 -19.8 
-20.5 -20.6 -21.1 
-21.6 -21.9 -22.3 
-23.0 -23.2 -23.6 
-24.3 -24.4 -24.0 
-25.5 -25.6 -26.0 
-26.7 —26.8 —27.2 
-27.9 -28.1 -28.4 
-29.2 -29.3 -29.6 
-3C.4 -30.5 -30.9 
-31.6 -31.7 -32.1 
-32.9 -33.0 -33.4 
-34.2 -34.3 -34.7 
-35.6 -35.7 -36.0 
-37.0 -37.1 -37.4 


10.9 10.9 10.9 

10.8 10.6 10.7 

10.4 10.3 10.3 

9.7 9.7 9.6 

8.7 6.7 8.7 

7.5 7.5 7.4 

6.0 5.9 5.8 

4.2 4.1 4.0 

2.1 1.9 1.6 

-.3 -.5 -.7 

-2.9 -3.2 -3.5 

-5.4 -5.9 -6.3 

-7.8 -6.4 -9,0 

-9,7 -IL.5 -11.2 
- 11. 1 - 12.0 - 12.8 
-12.3 -13.2 -14.1 
-13.5 -14.4 -15.3 
-14.8 -15.7 -16.6 
-16.3 -17.2 -18.1 
-17.7 -\e.6 -10.5 
-19*1 -19.9 -20.8 
-20.4 -Zl.Z -22#1 
-21.7 -22.5 -23.4 
-23rO -23.8 -24.7 
-2**. 2 -25.0 -25.9 
-25.4 -26*2 -27.1 
-26.6 -27.4 -20.3 
-27.8 -2P.6 -29.5 
-29.0 -29.6 -30.7 
-30.2 -31.0 -31.9 
-31.4 -32.2 -33.1 
-32.7 -33.4 -34.3 
-33.9 -34.7 -35.6 
-35.2 -36.0 -36.9 
-36.5 -37. 3 -38.2 
-37.9 -38.7 -39.6 


10.9 10.9 10.9 

10#7 10»7 10.7 

10.3 10.3 10.3 

9.6 9.6 9*6 

8.6 0.6 0.6 

7.4 7.3 7.3 

5.0 5*7 5.7 

3.9 3.0 3.7 

1.6 1.5 1.5 

-.9 -1.0 -1.2 

-3.7 -3.9 -4.1 

-6.6 -6.9 -7,1 

-9.4 -9.9 -10.2 

-U.8 -12.3 -12.0 
-13.5 -14.2 -14.7 
-14.8 -15.6 -16.2 
-16.1 -16.9 -17.5 
-17.5 -10.3 -10.9 
-19.0 -19*0 -20.5 
-20.4 -21.2 -21.9 
-21.8 -22.6 -23.3 
-23.1 -24.0 -24.7 
-24.4 -25.3 -26.0 
-25.6 26.5 -27.2 

-26.6 ' J7.0 -20.5 
-2f,0 -29.0 -29,7 
-29.2 -30.2 -30.9 
-30.^4 -31.4 -32.2 
•21.6 -32.6 -33.4 
-32.8 -33.8 -34.6 
-34.1 -35.0 -33.8 
-35.3 -36.3 -37.1 
-36.6 -3T.5 -00.3 
-37.8 -30.0 -39.7 
-39.2 -40.2 -41.0 
-40.6 -41.6 -42.4 


10.9 10.9 10«9 

10.7 10.7 10*7 

10.3 10.3 10.3 

9.6 9.6 9.6 

8.6 6.6 8.6 

7.3 7.3 7.3 

5.7 5.7 5.7 

3.7 3.7 3.8 

1.4 1.5 1.5 

-1.2 -1.2 -l.l 

-4.1 -4.1 -4.0 

-7.2 -7.2 -7.0 

-10.3 -10.2 -10.0 
-13.0 -12.9 -12.6 
-15.0 -14.9 -14.6 
-16.5 -16.4 -16.0 
-17.8 -17.7 -17.3 
-19.2 -19.1 -10.8 
— 2C.8 —20.7 —20.3 
-22.3 -22.2 -21.8 
-23.7 -23.6 -23.2 
-25.0 -24.9 -24.6 
-26.3 -26.3 -25.9 
-27.6 -27.6 -27.2 
-20.9 -26.8 -20.5 
-30.1 -30.1 -29.7 
-31.3 -31.3 -30.9 
-32.6 -32.5 -32.2 
-33.8 -33.8 -33.4 
-35.0 -35.0 -34.7 
-36.2 -36.2 -35.9 
-37.5 -37.5 -37.2 
•36.6 -38.8 -38.5 
-40.x -40.2 -39.8 
-41.5 -41.5 -41.2 
-42.9 -43.0 -42.7 


10.9 

10.9 

10.9 

10.7 

10.7 

10.6 

10.3 

10.3 

10.3 

9.6 

9.6 

9.7 

6.6 

8.7 

8.7 

7.4 

7.4 

7.4 

5.6 

5.8 

5.9 

3.9 

3.9 

4.0 

1.6 

1.7 

1.8 

-.9 

-.8 

-.7 

-3.8 

— 3.6 

-3#5 

—6.8 

-6.6 

-6.4 

-9.8 

-9.6 

-9.4 

>12,3 

-12.1 

-11.9 

14.2 

-14.0 

-13.9 

15.7 

-15.5 

-15.3 

17.0 

-16.8 

-16.6 

18.4 

-38.1 

-17.9 

19, .9 

-19.6 

-19.4 

21. 4 

-21.1 

-20.8 

22.8 

-22.4 

-22.1 

24.1 

•23.8 

-23.5 

25.5 

-25.0 

-24.7 

26.7 

-26.3 

-26.0 

28.0 

-27.6 

-27.2 

29.2 

-28.6 

-26.4 

30.5 

-30.0 

-29*7 

31.7 

-31.3 

*30.9 

32.9 

-32.5 

-32.1 

34.2 

-33.7 

-33.3 

35.5 

-35. C 

-34.6 

36.7 

-36.3 

-35.9 

38.0 

-37.6 

-37.2 

39.4 

-38.9 

-38.5 

40.8 

-40.3 

-39.9 

42.2 

-41.8 

-41.4 


10.9 

10.9 

10.9 

10.6 

10.6 

10.8 

10.4 

10.4 

10.4 

9.7 

9.7 

9.7 

8.7 

8.7 

8.8 

7.5 

7.5 

7.5 

6.0 

6.0 

6.0 

4.1 

4.2 

4.2 

2.0 

2.0 

2.1 

-.5 

-.4 

-.3 

-3.3 

-3.1 

-3.0 

-6.2 

-6.0 

•5.9 

-9.1 

-8.9 

-8.7 

IX. 7 

-11.5 

-11.2 

13.7 

-13.4 

-13.2 

15.1 

-14.9 

-14.7 

>X6«4 

-16.2 

-16.0 

17.0 

-17.5 

-17.4 

19.2 

-19.0 

-18.9 

20.6 

*20.4 

-2C.2 

21.9 

-21.7 

-21.6 

23.2 

-23.0 

-22.9 

24.5 

•24.3 

-24.2 

25.7 

-25.5 

-25.4 

27.0 

-26.8 

-26.6 

28.2 

-26.0 

-27.9 

29.4 

-29.2 

-29.1 

30.6 

-30.4 

-30.3 

31.8 

-31.6 

-31.5 

33.1 

-32.9 

-32.7 

34.3 

-34.1 

-34.0 

35.6 

-35.4 

-35.3 

36.9 

-36.7 

—36.6 

38.2 

-36.0 

-37.9 

39.6 

-39.4 

-39.3 

41.1 

-40.9 

-40.6 


leoto 

10«9 

10.6 

10.4 

9.7 

6.8 
7.6 
6.1 
4.2 

-•3 
-3.0 
-5.8 
- 6.7 
-11«2 
-13*1 
-14.6 
•15*9 
-17.3 
•X6.6 
- 20.2 
•21#5 
- 22.8 
-24.1 
-25.4 
-26.6 
-27.8 
-29.0 
•30.2 
-31.5 
•32.7 
-33.9 
•35.2 
-36.5 
-37# 9 
-39.3 
•40*7 



NRCS TABLE IN DECIBELS 


FREOUENCY • 13*9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • 35.0 CN/SEC 


INCIDENCE 
ANCLE fOECI 

o.e 

IC.O 

20.0 

RELATIVE AZI.UTH INGLE tOEG) 

30.0 40.0 SO.O 60.0 70.0 60.0 00.0 lOC.O 110.0 120.0 130.0 

ICO.O 

150.0 160,0 

ifo.o lae.o 

0«0 

10«e 

10.6 

10.6 

10.6 10.6 10.6 10.6 10.6 10.6 10.6 10.6 10.6 10.6 10.6 

10.6 

10.6 

10.6 

10.6. 

10.6 

Z.Q 

10.3 

10.5 

10.5 

10.3 1C. 3 10.5 1C. 3 10.3 10.5 1C. 5 10. S 10.5 10.5 10.5 

10.9 

10*9 

10.9 

10.9 

10.9 

4«0 

lO.l 

10. 1 

10. 1 

10.1 10.1 10.1 10.1 10. I ^O.l 10.1 10.1 10.1 10.1 10.1 

10.1 

10.1 

10.1 

10.1 

10*1 

6*0 

9.5 

9.5 

9.5 

9.5 V.3 9.5 9.5 9,4 9.4 9,4 9,4 9,4 9.4 9,5 

9.9 

9*9 

9.9 

9.9 

9.9 

e«o 

e«7 

8*7 

6.6 

6.6 6.6 8.6 e.S B.5 8.5 6.3 8.3 6.5 6.3 6.6 

e.6 

e.6 

6.6 

6.6 

6.6 

10*0 

7.6 

7.5 

7.5 

7.5 7.4 7.4 7,3 7,3 7.3 7,3 7.3 7.3 7.3 7,4 

7.6 

7.4 

7.9 

7.9 

7.9 

12.0 

e.2 

6.2 

6.1 

6.1 6.G 3.9 3.8 5.6 5.6 3.7 3.8 5.6 5.8 5.9 

6.0 

6.0 

6.1 

6.1 

6.1 

1^.0 

4«6 

4.5 

4.5 

4.4 4.3 4.2 4.1 4.0 3.0 3.9 3.9 4.0 4.1 4.1 

4.E 

4.3 

4.4 

4.4 

4.4 

16.0 

2*7 

2.7 

2.6 

2.4 2.3 2.1 2.0 1.9 1.6 1.6 1.6 1.9 2.0 2.1 

2.2 

2«3 

2.4 

2«4 

2.9 

18.0 

♦ 7 

*6 

.5 

.3 .0 *.2 *.4 *.5 *.6 *.6 *.6 *.5 *.4 •.S 

-.1 

-.0 

a 

*2 

.2 

20.0 

-1.4 

-1.5 

-1.7 

-2.x -2.4 -2.7 -2.9 -3.1 -3.3 -3.3 -3,3 -3.2 -3.0 -2,9 

-2.7 

-2.6 

-2.4 

-2.3 

-2.2 

22*0 

-3.4 

-3.6 

-3.9 

-4.* -4.9 ->,3 - 1,6 -'.9 -6.1 -6.2 -6,2 -6.0 -5.8 -5.6 

-5.4 

-5.3 

-5.1 

-419 

-4.9 

2^.0 

-5.2 

-5.4 

-5.9 

-6.3 -7.i -7,7 -6.1 -8,6 -8.9 -9.0 -6.9 -8,7 -8,5 -B.3 

-e.i 

-7.9 

-7.7 

-7.5 

-7.4 

26«0 

-t.7 

-6.9 

-7.4 

-S.2 -9.0 -9,7 -10.3 -10,8 -11,2 -11,5 -11.4 -’l.l -10.6 -1C. 6 

-10.4 

-10.2 -10.0 

-9.6 

-9.7 

28»0 

-7.6 

-6.0 

-e.6 

-9.5 -IC.3 -11,1 -11,9 -1».8 -13,6 -13.3 -13.2 . 2,9 -12.6 -12,4 

-12.2 

*12.0 -ii.e 

-11.6 

-11.9 

30*0 

-0.9 

-9.x 

-4.7 

-10.5 -11.3 -12.3 -13.1 -13,8 -14.4 -14.7 -14,6 -i-,,2 -13.9 -13,7 

-11.6 

-13.4 -13.2 

-12.9 

-12.6 

32.0 

-IC.O 

-1C. 2 

-IC.6 

-11.6 -12.3 -13,4 -14,2 -J5.0 -’8.6 -15.9 -13.8 -13.5 -15.1 -14,9 

-14.6 

-14.6 -14.. 4 

-l^.l 

-14.0 

34*0 

-U.3 

-11.5 

-12.1 

-12.9 -n.6 -14,6 -13,5 -16.3 -16,9 -17.2 -17.1 -16.8 -16.4 -16.2 

-16.0 

-15.8 -15.6 

-15.4 

-15.3 

36o0 

-li.% 

-13.0 

- : 3 • 5 

-14. a -13.2 -1^.1 -16,9 -17.7 -18,4 -IM.7 -IS. 6 -18,3 -17.9 -17,6 

-17.4 

-17.2 -17.0 

-16.0 

-16.6 

38«0 


-14, S 

— * ^ . 0 

-15.7 -It.fc -17.5 -18.4 -19.2 -19,9 -2C.2 -20.1 -19,8 -19.4 -19.0 

-IB. 6 

-ie«6 -16.6 

-16.2 

-10.2 

^0«C 

-;5.3 

-.5.4 

-10.4 

-17.1 -17,9 -18.0 -19,7 -20,6 -21,3 -21.6 -21.6 -21,2 -20.8 -20.4 

-20.2 

-19.9 -19.7 

-19.6 

-19.9 

^2*0 

-17.1 

-17.3 

-17.7 

-16.4 -19,2 -20.1 -21.1 -21.9 -22,6 -23.0 -22.9 -22.6 -22,1 -21.8 

-21.5 

-21.2 -21.0 

-20.9 

-20.9 


-IE. 5 

-lE.t 

-19.0 

-19,7 -20.5 -21.4 -22,3 -23,2 -24,0 -24,3 -24,2 -23.9 -23,4 -23.1 

-22.7 

-22.9 -22.3 

-22.2 

- 22.1 

46.G 

-14.8 

-19.9 

-2C.3 

-20.9 -21,7 -22,6 -23.6 -24,5 -25,2 -25,6 -23.5 -25.2 -24.7 -24.3 

-24.0 

-23.7 -23.6 

-23.4 

- 23.4 

46.C 

- 21.0 

-21.2 

-21.6 

-22.2 -23.0 -23.9 -24,8 -25.7 -26,5 -26.9 -26.8 -26,4 -26,0 -25.6 

-29.2 

-25«0 -24.6 

-24.7 

-24.6 

50.0 

-22.3 

-22.4 

- 22 . a 

-23.4 -24,2 -25,1 -26,0 -27,!) -27.7 -28,1 -29.0 -27,7 -27.2 -26.8 

-26.9 

*26.2 -26.0 

-29.9 

- 29.6 

32.3 

-23.5 

-23.6 

-24.0 

-24,6 -23.4 -26.3 -27,2 -28,2 -20,9 -29,3 -29.3 -28,9 -28,5 -20,0 

-27.7 

-27.4 -27.2 

-27.1 

- 2T.0 

34.0 

-24,7 

-24.6 

-25.2 

-25,6 -26.6 -27,5 -28.4 -29.4 -30,1 -30.5 -30,5 -30.2 -29,7 -29,3 

-26.9 

-26.6 -26.4 

-26.3 

-26.2 

se.o 

-25.9 

-26.0 

-26.4 

-27,0 -27.7 -28,6 -29,6 -30.6 -31.3 -31.8 -31.7 -31.4 -30.9 -30.5 

-30.1 

-29.6 -29.6 

-29.9 

-29.9 

58*0 

-27.1 

-27.2 

-27.6 

-23.2 -2i.9 -29,8 -30,8 -31.9 -32.6 -33.0 -33.0 -32.6 -32.2 -31,7 

-31.3 

-31.1 -90.9 

-30.7 

-30.7 

60*0 

-26.3 

-28.5 

-26.6 

-29.4 -30.1 -31.0 -32.0 -33.0 -38, e -34,2 -34,2 -33.9 -33,4 -33,0 

-32.6 

-32.3 -32.1 

-32.0 

-31.9 

e2«o 

-29.6 

-29.7 

-30.1 

-30,6 -31.4 -32.3 -33.3 -34,2 -35.0 -35.5 -35.5 -35,2 -34.7 -34.3 

-33.9 

-33«6 -33.4 

• 33.3 

-33.2 


-30.9 

-31.0 

-31.3 

-31.9 -32.6 -33.5 -34,5 -35,5 -36,3 -36,8 -36.8 -36,5 -36.0 -35,6 

-39.2 

-34.9 -34.7 

-34.6 

-34.9 

et.o 

-32.2 

-32.3 

-32.6 

•33.2 -33.9 -34,8 -35,8 -36,8 -37.6 -36.1 -38,1 -37.8 -37,4 -36.9 

-36.9 

-36.2 -36.0 

-39.9 

- 39.9 

68.0 

-33.5 

-33.6 

-33.9 

-34.5 -35.2 -36.1 -37.1 -39.1 -39,0 -39.4 -39.5 -39,2 -38.7 -38.3 

-37.9 

-37.6 -37.4 

-37.3 

-37.2 

70«0 

-34.9 

-35.0 

-35.3 

-35.9 -36.6 -37,5 -38,5 -39,5 -40.4 -40.9 -40.9 -40.6 -40.2 -39,7 

-39.9 

-39«0 -36«8 

-36.7 

- 36.7 



NRCS TAftie IN DECIBELS 


FREOUENCY ■ 13.9 GHZ 
HORIZONTAL POLARIZATION 
FRICTION VELOCITY • AO.O CN/SEC 



ft 

Ca 

is* 


incidence 

ANGLE COEGI 

0*9 

10.0 

20.0 

30.0 

40.0 

RELATIVE AZIMUTH ANGLE 
&0.0 .0.0 70.0 BO.O 90.0 100.0 

(DEG) 

lIOoO 

120.0 

X30.0 

140*0 

150,0 160,0 l?0»0 

160*0 

0«0 

20«4 

10.4 

10.4 

10.4 

10.4 

10.4 10.4 10.4 10.4 10.4 10.4 

10*4 

10.4 

10.4 

10.4 

10,6 10,6 10,6 

10.4 

2*0 

X0.3 

10.3 

10.3 

10.3 

10.3 

10.3 10.3 10.3 10.3 10.3 10*3 

10*3 

X0«3 

20*3 

10.3 

10,3 10,3 10,3' 

10*3 

A*0 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 9.9 9.9 9,9 9.9 9,9 

9#0 

9.9 

9.9 

9.9 

9,9 9.9 9,9 

9.9 

6.0 

9,4 

9.4 

9.4 

9.3 

9.3 

9,3 9,3 9.3 9.3 9,3 9.3 


9.3 

9.3 

9.3 

. 9.3 9.3 9.6 

9.4 

6*0 

8.6 

8.6 

8.5 

8.5 

8.5 

B.5 9.4 9.1 9,4 e.4 9.4 

e#^ 

8.4 

B.4 

6.5 

8.5 e.s e.5 

6.5 

20.0 

7.5 

7.5 

7.5 

7.4 

7.4 

T.3 7.3 7.3 7,2 7.2 7.2 

7#3 

7.3 

7*3 

7.4 

7.6 7.6 7.5 

7.5 

12«C 

6.3 

6.2 

6.2 

6.1 

6.0 

6.0 5.9 5. A 5.8 5.8 5. A 

3*8 

5.9 

5*9 

6.0 

6*1 6*1 6*1 

6*1 

24.0 

4.7 

4.7 

4.6 

4.5 

4.4 

4.3 4,2 4.2 4.1 4.1 4,1 

A«I 

4.2 

4.3 

4.4 

4.4 4.5 4.5 

4.6 

X6«0 

3.0 

3.0 

2.9 

2.7 

2.6 

2.4 2.3 2.^ 2.1 2.1 2.1 

2*2 

2.3 

2*3 

2.4 

2.5 2.6 2.7 

2.7 

28.0 

1.2 

1.1 

.9 

.7 

.5 

.3 .1 -.1 -.2 ~,2 -.2 

-•1 

.0 

.2 

• 3 

• 4 .5 .6 

. 6 

20« 0 

-.7 

-.8 

-l.l 

-1.4 

-1.8 

-2.1 -2,3 -2,5 -2.7 -?.,7 -2,7 

•2.6 

-2.4 

-2.3 

-2.1 

-2.0 -1.8 -1.7 

-1.7 

2Z.0 

-2.5 

-2.7 

-3.3 

-3.5 

-4.0 

-4.4 -4.8 -5,1 -5.3 -a, 4 -5.3 

•'5«2 

-5.0 

-4.8 

-4.6 

-4.5 -4.3 -4.1 

-4.1 

24.C 

-<».l 

-4.3 

-4.7 

-5.4 

-6.0 

-6,6 -7,1 -7.5 -7,8 -6.0 -7.9 

•7.7 

-7.4 

-7*2 

-7.x 

—6.9 —6.7 —6.5 

-6.4 

26»C 

-5.4 

-5.6 

— 0.1 

-6.9 

-7.7 

-3.4 -9,0 -9.5 -19.0 -10.2 -10.1 

-9.8 

-9.5 

-9.4 

-9.2 

—9.0 —8.0 —8*5 

-S.5 

2 c *0 

-5.4 

-6.6 

-7.2 

-9.1 

-9.0 

-9,8 -1C. 4 -11,1 -11,6 -11.9 -11. •' 

^ II. $ 

-XX. 2 

-ll.O 

-10. 6 

-10.7 -10.4 -10.2 

-10.1 

30*0 

-7.4 

-7.6 

-8.2 

-9.1 

-10.0 

•10.8 -11,6 -12.3 -12,9 -13,2 -13.1 

-12.7 

-12. 4 

-12.2 

-12.1 

-11*9 -11*7 -11.4 

-11.3 

32.0 

-e.4 

-8.6 

-9.2 

-10.1 

-11.0 

-11.9 -12.6 -13.4 -14.0 -14.3 -14.2 
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- 2 :. 8 

56.0 

-21.2 

-21.3 

-21.7 

-22.3 

-23.1 

-29.0 

-25.0 

-25.9 

-26.7 

-27.1 

-27.1 

58.0 

-22.9 

-22.5 

-22.9 

-23.5 

-29.3 

-25.2 

-26.1 

-27.1 

-27.9 

-20.3 

-26*3 

60.C 

-23.6 

-2 3. e 

-29.1 

-29.7 

-25.5 

-26.9 

-27.3 

-20.3 

-?9,l 

-29.5 

-29.5 

62 . 0 

-2^.9 

-25.0 

-25.3 

-’5.9 

-26.7 

-27.6 

-26.6 

-29.9 

-30.3 

-30.6 

-30.8 

6<*.0 

-26.1 

-26.2 

-26.6 

-. 7.2 

- 27.9 

-20.8 

-29.8 

-30.0 

-31.6 

-32.1 

-32.1 

66.0 

-27.9 

-27.5 

-27.9 

— 2 6.9 

- 29,2 

-30.1 

-31.1 

-32.1 

-32.9 

-33.9 

-23.9 

69.0 

-26.7 

-26.6 

-29.2 

-29.7 

-30. 5 

-31.9 

-32.9 

-33.9 

-39.2 

-39.7 

-39.7 

7C.0 

-30.1 

-30.2 

-30.6 

-31.1 

-31.8 

-32.7 

-33.8 

-39.0 

-35.6 

-36.1 

-36*1 



110.0 

120.0 

130.0 

0 

. 

0 

150.0 

160.0 

170.0 

180.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 

9.6 

9.6 

9.6 

9.6 

9.6 

9.6 

9.6 

9.6 

9.0 

9.0 

9.0 

9.1 

9.1 

9.1 

9.1 

9.1 

8.2 

8.2 

8.3 

8.3 

6.3 

8.3 

0.3 

6.3 

7.2 

7.2 

7.2 

7.3 

7.3 

7.9 

7.9 

7.9 

5.9 

5.9 

6.0 

6.0 

6.1 

6.1 

6.2 

6.2 

9.9 

9.9 

9.5 

9.6 

9.6 

9.7 

9.7 

9.8 

2.6 

2.7 

2.6 

2»9 

2.9 

3.0 

3.1 

3#l 

.6 

.7 

• 8 

• 9 

1.0 

1.1 

1.2 

1*3 

-1.6 

-1.9 

-1.3 

-1.2 

-l.O 

-.9 

-.8 

-.7 

-3.0 

-3.7 

-3.5 

-3.9 

-3.2 

-3.0 

-2.9 

-2.8 

-6.0 

-5.7 

-5.6 

-5.9 

-5.3 

-5.0 

-9.8 

-9.8 

-7.8 

-7.5 

-7.3 

-7.2 

-7.0 

—6.8 

-6.6 

-6#5 

-9.2 

-8.9 

-8.7 

-6.6 

-8.9 

-8.2 

-7.9 

-7.8 

-10.3 

-10.0 

-9.8 

-9.7 

-9.5 

-9.3 

-9.0 

-0.9 

-11.3 

-10.9 

-10.0 

-10.6 

-10.5 

-10.2 

-10.0 

-9.9 

-12.3 

-12.0 

-11.6 

-11.7 

-11.5 

-11.3 

-11.0 

-10.9 

-13.6 

-13.2 

-13.0 

-12.8 

-12.6 

-12.9 

-12.2 

-12.1 

-15.1 

-19.7 

-19.9 

-19.2 

-19.0 

-13.8 

•13.6 

-13.5 

-16.5 

-16.1 

-15.8 

-15.5 

-15.3 

-15.1 

-15.0 

-19.9 

-17.9 

-17.5 

-17.1 

-16.9 

-16.6 

-16.9 

-16.3 

-16.2 

-19.2 

-18.8 

-18.9 

-10.x 

-17.9 

-17.7 

-17.6 

-17.5 

-20.5 

-20.1 

-19.7 

-19.9 

-19.2 

-19.0 

-18.9 

-18.0 

-21.8 

-21.3 

-20.9 

-20.6 

-20.9 

-20.2 

-20.1 

-20.0 

-23.0 

-22.6 

-22.2 

-21.8 

-21.6 

-21.9 

-21.3 

-21.2 

-29.3 

-23.6 

-23.9 

-23.1 

-22.3 

-22.6 

-2?. 5 

-22.9 

-25.5 

-25.1 

-29.6 

-29.3 

-29.0 

-23.0 

-23.7 

-23.6 

-26.7 

-26.3 

-25.8 

-25.5 

-25.2 

-25.0 

-29.9 

-29.9 

-2S.0 

-27.5 

-27.1 

-26.7 

-26.9 

-26.2 

-26.1 

-26.1 

-29.2 

-20.0 

-2B.3 

-27.9 

-27.7 

-27.5 

-27.9 

-27.3 

-30.5 

-30.0 

-29.6 

-29.2 

-28.9 

-28.7 

-28.6 

-28.6 

-31.8 

-31.3 

-30.9 

-30.5 

-30.2 

-30.0 

-29.9 

-29. e 

-33.1 

-32.6 

-32.2 

-31. a 

-31.5 

-31.3 

-31.2 

-31.2 

-39.9 

-39.0 

-33.5 

-33.1 

-32.9 

-32.7 

-32.6 

-32.5 

-35.9 

-35.9 

-39.9 

-39.5 

-39.3 

-39.1 

-39.0 

-33.9 



NRCS TABLE IN DECIBELS 


FREQUENCY • lb. 9 GHZ 
VERTICAL FOLARIZATION 
FRICTION VELOCITY • S.O CN/SEC 


INCIDENCE RELATIVE AIINUTH ANGLE 

ANGLE I0E6) 0.0 lO.O 20.0 30. C AO.O 50.0 60.0 70.0 60.0 90.0 100.0 


0*0 

X4«6 

14.6 

14.6 

14.6 

14.6 

14.6 

14.6 

14*6 

14.6 

14.6 

14.6 

Z.Q 

14*3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 

14.3 


13.2 

13.2 

13.2 

13.2 

13.2 

13.2 

13.1 

13.1 

13.1 

13*1 

13.1 

6« 0 

11«4 

11.4 

11.4 

11.4 

11.3 

11.3 

11«3 

Ut2 

11*2 

11*2 

11.2 

8*0 

6*9 

6.9 

8.9 

8.8 

8.7 

8.7 

6.6 

8.6 

8.9 

8.9 

8.5 

10.0 

S.6 

.«.6 

5.5 

5.5 

5.4 

5.3 

5.2 

5.1 

9.0 

5.0 

5.0 

12*0 

1.5 

1.5 

1.4 

1.3 

1.2 

1.0 

.9 

. 0 

.7 

.7 

.7 

1^.0 

•3*4 

-3.< 

-3.5 

-3.7 

-3.9 

-4.1 

4.3 

-4.4 

-4.6 

-4.6 

-4.6 

16.0 

•9.2 

-9.2 

•9.4 

-9.6 

-9.8 

-10.1 

10.4 

-10.6 

-10.7 

-10. e 

-10.7 

ie*o 

•li.7 

-15.7 

-15.9 

-16.3 

-16.6 

-17.0 

-17.3 

-17.6 

-17.8 

•17.9 

-17.8 

20«0 

-22.2 

-22.3 

-22.7 

-23.2 

-23.7 

-24.3 

-24.8 

-25.3 

-29.4 

-25.7 

-25.6 

22«C 

-27.2 

-27.3 

-27.8 

-28.6 

-29.4 

-33.2 

-31.0 

-31.8 

-32*5 

-32.6 

-32.5 

2^*0 

-30.1 

-30.3 

-30.8 

-31.6 

-32.5 

-33.5 

-j 5 

-33.6 

-36.5 

-36.9 

-36.5 

*• > 0 

32.2 

-32.4 

-32.9 

-33.6 

-34.5 

-3 3.6 

-3... 7 

-37.8 

-38.8 

-39.2 

-38.8 

2--0 

-34.0 

-34.1 

-34 .6 

-33.3 

-36.2 

-37.2 

- ^.4 

-39.6 

-40.6 

-41.0 

-40.5 

BC*0 

-35.5 

-35.7 

-36.1 

-36.8 

-37.7 

-38.7 

-39,9 

-41.1 

-42.1 

-42.5 

-42.1 

32.0 

-3fc.9 

-37.1 

-37.5 

-38.2 

-39.0 

-40. 1 

-41.2 

-42.5 

-43.9 

-43.9 

-43.4 

3^*0 

-38.2 

-36.3 

-38.7 

-39.4 

-40.2 

-41.3 

-42.5 

-43.7 

-44.7 

-45.1 

-44.7 

36*0 

-39.^ 

-39.5 

-39.9 

-40.5 

-41.3 

-42.4 

-43. 

* ^ • 8 

-49.9 

-46.3 

-45.8 

38.0 

-40.4 

-40.5 

-40.9 

-41.5 

-42.4 

-43.4 

-44.6 

-49.9 

-46.9 

-47.3 

-46.8 

40*0 

-41.4 

-41.5 

-41.9 

-42.5 

-43.3 

-44.3 

-45.5 

-46.0 

-47.8 

-40.2 

-47.8 

42»0 

-<2.3 

-42.4 

-42.7 

-43.3 

-44.2 

-45.2 

-46.4 

-47.7 

-48.7 

-49.1 

-48.7 

*c 

•<e39 1 

-43.2 

-4 3.5 

-44.? 

- ; . 0 

-46.: 

-47.2 

-40,5 

-40 , «. 


-h9.5 


-<» 4 


-44.3 

-4 4.9 


-4b. 7 

- 4 c . U 

-4^.2 

-50.3 

-or ,7 

- 5 c ♦ 2 


• 0 

-44.7 

- 4 ^ ^ 

- *9 : • ^ 

-4C • « 

- w.y 

-4T.7 

-<*9,0 

-s\ .0 

-il.4 

-5C.9 

« w • 0 

-<.1 . ’ 

-4t *4 

-4i . ; 

- 4 b . ? 

->»7. i 

-4 .1 

-49.^ 

-59.6 

-5" .6 

-42.1 

-5 A. • o 

‘ 2* j 


- t • V 

-s6. 3 

“4 b • 4 

-47.7 

-4^.7 

-49,9 

-51.? 

-4?, 3 

-42,7 

-52.2 

i^.O 


-4C 

-4b. 4 

-47.:, 

-4H, 3 

-49.3 

.5 

-tl .8 

-5? .9 

-^3.3 

-52.9 

r ^ ' 

1 

-•97.2 

-47.: 

-4b. 1 

-4?^ .9 

-4 J.9 

1. 1 

-5?. 4 

,9 

-4 J.9 

-53,4 



-•97.** 

-41.* 

-4«^ .7 

-49.5 

— 5 ' * -» 

-51.7 

-52.9 


-54.4 

-54. U 


- * *- • i: 


— 4 ‘j . t. 

-4^.2 

-:»c.c 

-?1.0 

- 1 2 . 2 


-44.6 

-"4.0 

-r^.6 



- -9 r t - 

- » * • 2 

-1 . 7 

-:>C * > 

-51.0 

-52. b 

-54.9 

-45.1 

-55.5 

-55.1 



-49.4 

-4 / . 7 

-5C.3 

-51.1 

-52.1 

-53.3 

-54,6 

-55.7 

-56.1 

-55.7 

66»0 

-49. e 

-50.0 

-50.3 

-50.8 

-51.6 

-52.7 

-53.9 

-59.1 

-56.2 

-56.7 

-56.3 

68«0 

-5C. *t 

-50.5 

-5C.9 

-51.4 

-52.2 

-53.2 

-54.4 

-59.7 

-56.8 

-97.3 

-56.9 

70*0 

-51.0 

-5i.l 

-51.5 

-52.0 

-52.8 

-53.8 

-55.1 

-56.3 

-57.4 

-57.9 

-57.5 




NftCS TABie IN OrClBILS 





FKEOUENCY • 13*4 GH2 
VEKTICAl 40l*fttZ«ri0N 
FRICllON Vi..OeiTV • 10*0 CN/SEC 


1KCXD£NC€ 
INCU I0E6) 

RCltrive AZIMUTH AN61C 

0*0 10.0 ?0.0 90.0 AO.O 90.0 60.0 70.0 00*0 40*0 100*0 

coeci 

110*0 

120*0 

130*0 

o 

• 

o 

190*0 

160*0 170*0 

iao«o 

0.0 

12*a 12*6 12*6 12*6 12*6 12*6 12*6 12*6 

12»B 

12*B 

12*0 

12*6 

12*0 

12*6 

12*8 

12*6 

12*0 

12*6 

12*6 

2.0 

12*6 12.6 12*6 12*6 12.6 12.6 12*6 12.6 

12*6 

12*6 

12*6 

12«6 

12*6 

12*6 

12*6 

12*6 

12*6 

12*6 

12*6 

^•Q 

11*9 11*9 11*9 11*9 11*9 11*9 11*6 11*6 

11*8 

;i*e 

11*6 

il#e 

11*6 

11*9 

11*9 

11*9 

11*9 

11*9 

11*9 

6*0 

10*7 10*7 10*7 10*7 10*7 10*7 10*6 10*6 

10*6 

10*6 

10*6 

10*6 

10*6 

10*7 

10*7 

10*7 

10*7 

10*7 

10*7 

6*0 

9*1 9*1 9*1 9*0 9.0 9*0 6*9 6*9 


8*9 

6*0 

6*0 

6*9 

9*0 

9*0 

9*0 

9*1 

9*1 

9*1 

10*0 

7*0 7*0 6*9 6*4 6*6 6*7 6*7 6*6 

6*6 

6*6 

6*6 

6*6 

6*7 

6*7 

6*6 

6*9 

6*9 

7*0 

7*0 

X 2 • 

4*3 4*3 4,3 4.2 4.1 4*U 3,9 3*0 

1 • B 

3*6 

a*6 

5*6 

3*9 

4*0 

4*1 

4*2 

4*3 

4*3 

4*1 

1^*0 

* • i 1*1 1*1 1*C *t *7 ,6 *> 

• 4 

• 4 

• 4 

• 9 

• 6 

*7 

* 6 

l.O 

1*1 

lol* 

1*2 

1 6 • c 

-i.'> -i.t -2.7 -2.d -2,0 -1,2 -':,4 -1,4 

o6 

- 3 * 6 

-l.O 

-3*9 

-3*4 

-3.2 

•3*0 

-2*9 

-2*7 

-2o6 

•2*6 

15,',' 

-t,1 *7,. -7,2 -7.4 -7,7 -7, 9 -".1 


-f, J 

•C.2 

•H . 1 

•7*9 

•7.7 

•7.9 

-7.2 

-7*1 

•6*9 

•6*9 

2 V • C 

-11. i -11. i -11,7 -i’,0 -:?,4 -12.7 -13, C -I’.l 

-13o5 

-1 3# V 

-13, V 

* 1 

-13. C 

-12.6 

-12.9 

-x:.2 

*n*« •n»? 

-11*7 

22*0 

-It.j -it.: -I*),*, -.t.O -17.1 -17.9 -U.4 -l».l 

-n.l 

-10,? 

-10, 1 


-19.9 

-l*.l 

-17.7 

-17.3 

-14.1 -ib,I 

I6*e 

w 

-19.'. -,..r -21, C -21,7 -22,4 -23*1 -?i,9 


•74.6 

-24.4 

-2it6 

-23,3 

•22.7 

•22*2 

-:i*7 

•ZJ.3 -20,8 

•20*6 

2 6 • 0 

-21. i -22.: -<*.<> -22.4 -24,,, -2j,1 -2t,2 -27,1 


- 7 '1 . 3 

-26.0 

-27.2 

- »’ 6 . * 

-*9.7 

-23*1 

•24.6 

•2i,5 *’5,4 

•21*9 

Z r . 0 

— 2-.* — 2i*7 — 2o.i — <7.i — 2t.v — 27.C -2t*,3 — 27.1 


-*> ).v 

-2t.l 

-2V.2 

-2^.3 

-27.9 

-26.9 

-26.1 

•it .7 . 5 

-25*2 

3 w • C 

-21. i -Si. 3 -;<5.t -'7,6 -2fc,6 -29.7 -3C.4 


-32*2 

-n.a 

-20.6 

-2-^.9 

-29.x 

-26*4 

-27. a 

-27,3 -2t,8 

•26*6 


-•-..7 -2t.‘ -27. i -'“,1 -29,0 -3C,'J -31,1 -32,3 

-31.3 

-33.7 

-3i.2 

-32*3 

-3i«3 

-3C.9 

-29.6 

•27.1 

•26*6 -28,3 

•26*2 

3 ^ w 

-2c.: -?;.2 -2‘.t -29,2 -2^.2 -31,2 -32,4 -33,6 

-3^.6 

-39*0 

-34.6 

-33*6 

-32*6 

•31*7 

-31*0 

•30*4 

-25,6 -24*5 

•29*4 


-29,2 -29, » -2V,; -ic'. -3*.-. -32,4 -3J.6 -34.1 

-3^.^ 

-3J>*2 

-3? *7 

-34. e 

-33,6 

-22.6 

-32.1 

-31.5 

-31,0 -30*7 

•30*6 

3 t . C 

-3L.3 -Jt,J -30.9 -31,4 -3^,0 -33,4 -34,6 -3i*9 

-36. 

-37.3 

-36*9 

-39*9 

-34.4 

-33*9 

-33.1 

•32*9 

-32,0 -31,7 

-31*6 

*Z 

-34,3 -31, r -31.9 -32.1 -33.4 -?4,4 -33,6 -34*6 

-37,6 

•36.3 

-37*a 

-36.9 

-39.6 

-34*6 

-34.0 

-33*4 

•32,4 -32*6 

•32*9 


-32.3 -2... 4 -ii.e -33.4 -39. 3 -2i.3 --4.5 -27,7 


-36.2 

-3?. 7 

-37.3 

-36.7 

-39.7 

-34*9 

-34.2 

-31.A -31.5 

•33*4 

**<!•/ 

-3:, 3 -32.6 -34.3 -3;,1 -3t,l ->7.3 -11.6 


-40.J 

-39.6 

-36.6 

-37,9 

-36.9 

-35*7 

•39*0 

-34*6 -3i*1 

•34*2 

^ 6 • 0 

-3».7 -34,1 -34,4 -3i,0 -3v,9 -3t.9 --4,1 -19,4 


-40* J 

-4C*4 

-39*4 

-30.3 

-37.3 

-36. 4 

-J9.6 

-35*3 -35*0 

-34*9 


-34,7 -24,9 -35.2 -35. e -’6,6 -37,4 -3 .8 -40,1 

•41 .1 

-4 1*9 

-41*1 

•40*1 

-39,0 

-36*0 

-37.1 

•36*9 

•3«*0 -BS*? 

-99*6 

50*0 

-35.4 -35.5 -35*8 -36.4 -37,3 -38,3 -39,9 -40.6 

•4*‘ .b 

•42*2 

-41*6 

•40*6 

-39,7 

-39.6 

-37.6 

-37*1 

-36*4 -34.4 

-96*3 

^2*0 

-36*0 -36*1 —36*5 —17*1 —37*9 —36*9 —40*1 —41*4 

•42.9 

-42*0 

•42*4 

•41*4 

•40*3 

-39.9 

-36*4 

-37*7 

•37*3 -17.0 

-96*9 

3 ^*Q 

-36.6 -36.8 -37,1 -37.7 -38,5 -39.9 -40.6 -47*0 

•43,1 

•43*9 

-43,1 

•42*1 

-40*9 

-39*9 

-39*0 

-36*3 

•37*4 -IT. 6 

•37*9 

3 w • 0 

-37,2 -37*4 -27.7 -33,3 -39,1 -4C.I -41*3 -47*6 

-43*7 

•44*1 

-43*7 

-42*7 

-41.9 

-40*9 

•39*6 

•30*9 

-51.5 -38.1 

•19*0 

3i«0 

->/*a -37*9 -38.3 -2:, 9 -29,7 -40,7 -41,9 -41,7 

-44,3 

• 44. 7 

-44.2 

•4 U? 

-47. 1 

•41.0 

•40.2 

-39.9 

-34.0 *15,7 

•19*6 

^ w • C 

-3;.> -38. 9 -33.3 -39,4 -4;, 2 -41*3 -47,5 -42,7 

•44.B 

-49.2 

-44.3 
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-18.0 -18*2 
-19*0 -19.1 
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Nitcs rme in decibels 


PREOUENCy • 19.4 GHZ 
VERTICAL POLARIZATION 
FRICTION VELOCITV • 90*0 CN/SEC 
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NRCs ueu IN oceteeis 
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-2*0 

-2.1 

-2,5 

-3.0 

-3.5 

-3.9 

-4.3 

-6.6 -6.9 -9.0 -6,9 -6,6 

-4.4 

-4.1 

-3.8 

-3.5 

-3.2 

-3.0 

-2.9 

2^.0 

-3.2 

-3.4 

-3.9 

-4.6 

-5.3 

-5.9 

-6,4 

-6.9 -7,3 -7.5 -7.3 -6.9 

-6.5 

—6 . 1 

-5.0 

-5.4 

-5.0 

-4.6 

-4.5 

2t.O 

-4.1 

-4.3 

-4.9 

-5.7 

-t.6 

-7.3 

-0.0 

-9.7 -9.3 -9.6 -9.3 -e.7 

-0#X 

-7.7 

-7.3 

-6.8 

-6.3 

-5.8 

-5.7 

29.0 

-4.7 

-4.9 

-5.6 

-6.5 

-7.4 

-0.3 

-9.1 

-9.9 -10.7 -11. 1 -10.7 -10.0 

•9#3 

-0.7 

-8.3 

-7.7 

-7.1 

-6.7 

-6.5 

30.3 

-5.2 

-5.4 

-6.1 

-7.0 

-3.0 

-0.9 

-9.0 

-JO.0 -11.7 -12.1 -11. 7 -10.0 

-lO.O 

-9.4 

-8.9 

-8.3 

-7.7 

-7.2 

-7.1 

32.0 

-5.7 

-6.0 

-6.6 

-7.6 

-8.5 

-9.5 

-10.4 

-11.6 -12.6 -12,8 -12.3 -11.9 

-10.6 

-10.0 

-9.4 

-8.9 

-8.2 

-7.8 

-7.6 

34.0 

-6.4 

—6.6 

-7.3 

-8.2 

-9.1 

-10.1 

-11. 1 

-12,1 -IT.l -13.5 -13.0 -12.1 

-11.3 

-10.6 

-10.0 

-9.4 

-8.9 

-8.4 

-8.2 

36.0 

-7.2 

-7.4 

-6.0 

-3.9 

-9.9 

-10.8 

-11.6 

-12.9 -13.9 -16.3 -13.9 -12,9 

-12.0 

-11.3 

-10.7 

-10. 1 

-9.6 

-9.1 

-9.0 

36.0 

-9.2 

-8.4 

-9.0 

-9.8 

-1C.6 

-11.6 

-12.0 

-13,9 -16,9 -19,3 -16,9 -13.9 

-13.0 

-12.3 

-11.6 

-11. 0 

*10.5 

-10.1 

-9.9 

40.0 

-9.4 

-9.6 

-i;,.l 

-10.9 

-11.8 

-12.8 

-13.9 

-19,0 -16.0 -16.6 -It.O -19.0 

-14.1 

-13.3 

-12.6 

-12.0 

-XI. 5 

-ll«l 

-ll.O 

42.0 

-10.^ 

-10.6 

-z:.i 

-12.8 

-12.7 

-13.8 

-14,9 

-16,0 -lY.O -17,6 -17,0 -16,1 

-15.1 

-14.2 

-13.5 

-12.9 

-12.4 

-12. C 

-11.9 

44.0 

-11.4 

-11.5 

-12.0 

-12.7 

-13.6 

-14.6 

-15.3 

-17,0 -19.0 -lt»,6 -17.9 -17,0 

-16.0 

-15.1 

-14.4 

-13.7 

-13.2 

-12.9 

-i2«e 

46.0 

-12.3 

-12.4 

-12.9 

-13.6 

14.4 

-15.5 

— 16.6 

-17,8 -18,8 -19.2 -10,8 -17.6 

-16.8 

-15.9 

-15.2 

-14.5 

-14.0 

-13.7 

-13.6 

46.0 

-13.1 

-13.2 

-13.6 

-14.3 

-15.2 

-16.2 

-17.4 

-19,6 -19,6 -20.0 -19.6 -18,6 

-17.6 

-16.7 

-15.9 

-15.3 

-14.8 

-14.5 

-14.4 

sc.o 

-13.8 

-14.0 

-14.4 

-15.0 

-15.9 

-17.0 

-Ib.l 

-19,^ -23.6 -20.8 -20,6 -19,6 

-18.3 

-17.4 

— 16.6 

-16.0 

-15.5 

-15.2 

-15.1 

S2.0 

-14.5 

-14.7 

-15.1 

-15.7 

-16.6 

-17.6 

-10.8 

-20.1 -21,1 -21,5 -21,1 -20,1 

-19.0 

-18. 1 

-17.2 

-16.6 

-16*1 

-15.8 

-15#7 

54,0 

-15.2 

-15.3 

-15.7 

-16.4 

-17.2 

-10.3 

-19,5 

-23.7 -21.9 -22.2 -21.7 -20,8 

-19.7 

-10.7 

-l*i.9 

-17.2 

-16.8 

-16.5 

-16«4 

e » ^ ^ 

-15.3 

-16.0 

-16.4 

-17.0 

-17.8 

-18.9 

-20.1 

-21.3 -22,6 -22,8 -22,6 -21,6 

-20.3 

-19.3 

-18.5 

-17.6 

-17.4 

-17.1 

-17.0 

t t 

-16.5 

-16.6 

-17.0 

-17.6 

— 16.4 

-19.5 

-20.7 

-21.9 -23.0 -23.6 -23.0 -22. J 

-eo.9 

-15.9 

-19.1 

-10.4 

-17.9 

-17.7 

-17.6 

tZmZ 

-17.0 

-17.2 

-17.5 

-16.2 

-19.0 

-20.0 

-21.3 

-22.9 -23.6 -26,0 -23.6 -22,6 

-21.5 

-20.5 

-19.7 

-19.0 

-ie.5 

-16.2 

-18.4 

62.0 

-17.6 

-17.7 

-18.1 

-18.7 

-19.6 

-20.6 

-21.8 

-23,1 -26,2 -26.6 -26,2 -23,2 

-22.1 

-21.1 

-20.2 

-19.6 

-19.1 

-16.8 

-18.7 

64.0 

-ie .2 

-18.3 

-18.7 

-19.3 

-20.1 

-21.2 

-22.4 

-23.7 -26.8 -25.2 -26,8 -23.6 

-22.7 

-21.7 

-20.8 

-20.2 

-19.7 

-19.4 

-19.3 

66.0 

— 1 8 . d 

-lb. 9 

-19.3 

-19.9 

-20.7 

-21.7 

-23.0 

-26,3 -79.6 -25.8 -29,6 -26,6 

-23.3 

-22.3 

-21.5 

-20.6 

-20.3 

-20.1 

-20«0 

68.0 

-19.4 

-19.5 

-19.9 

-20.5 

-21.3 

-22.3 

-23.6 

-26,9 -26.0 -26.6 -26,1 -25,1 

-24.0 

-23.0 

-22.1 

-21.5 

-21.0 

-20.7 

-20.6 

70.0 

-20.0 

-20.1 

-20.5 

-21.1 

-21.9 

-23.0 

-24.2 

-29.5 -26.6 -27.1 -26.7 -29.8 

-24.7 

-23.7 

-22.6 

-22.2 

-21.7 

-21.4 

-21.3 
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NKCS TABLE IN DECIBELS 


fRECUEKCY • 13.9 GHZ 
VERTICAL POLARIZATION 
FRICTION velocity • 90.0 CM/SEC 


INCIDENCE RELATIVE AZINUTH ANGLE (0E6) 


AHGLb <DEG) 

o 

. 

o 

10.0 

20.0 

30.0 

o 

. 

o 

o 

. 

o 

60.0 

70.0 eo.o 40.0 100.0 IIC.O IZO.O 

130«0 

X40.0 

190.0 

160.0 

170.0 

iao.o 

0«0 

<^•6 

9.6 

9.6 

9.6 

9.6 

9.6 

9.6 

4.6 4.6 4.6 4.6 4.6 4.6 

9.6 

9.6 

9.6 

9.6 

9.6 

9.6 

Z.Q 

9.9 

9.5 

9.5 

9.5 

9.5 

9.5 

9.5 

4.5 9.5 4.5 4.5 4.5 4.5 

9.5 

9.9 

9.9 

9.9 

9.5 

9.9 

4.0 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

4.2 4.2 4.2 4.2 4.2 4.2 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

6.0 

e.7 

8.7 

8.7 

6.7 

0.7 

8.7 

6.6 

9.6 9.6 9.6 9.6 6.6 9.6 

e«7 

8.7 

0.7 

B.7 

0.7 

0.7 

8.0 

6.0 

8.0 

8.0 

7.9 

7.9 

7.9 

7.9 

7.9 7.9 7.9 7.8 7.6 7.4 

7#9 

7.9 

7.9 

7.9 

0.0 

0.0 

IC.O 

7.1 

7.1 

7.0 

7.0 

6.9 

6.9 

6.9 

6.9 6.9 6.9 6.9 6.9 6.4 

6.9 

6.9 

7.0 

7.0 

7.0 

7.0 

12. C 

6.0 

5.9 

5.9 

5.6 

5.7 

5.7 

5.6 

5.6 5*5 5.5 5. 5 5.6 5.6 

9.7 

9.7 

9.8 

9.0 

9.9 

9.9 

14.C 

4.7 

4.6 

4.5 

4.4 

4.3 

4.2 

4.1 

A*1 4*0 4.0 4*0 4.1 4*1 

4.2 

4.3 

4.4 

4.4 

4.9 

4.9 

16.0 

3.2 

3.1 

3.0 

2.8 

2.7 

2.5 

2.4 

2.3 2.2 2.2 2.2 2*3 2.4 


2.6 

2.7 

2.0 

2.9 

3.0 

18.C 

1.7 

1*6 

1.4 

1.1 

.9 

• 7 

• 5 

• 3 .2 .2 .2 .3 .5 

• 6 

.6 

.9 

1.1 

1.2 

1.3 

20.C 

.2 

.0 

-.3 

— • 6 

-1.0 

-1.3 

-1.6 

-1.9 *2.0 -2.1 -2.0 -t.B -1.6 

•l#4 

•1.2 

•l.O 

— .6 

♦* * 6 

-.9 

22.0 

•1.2 

-1.3 

-1.8 

-2.3 

-2.8 

-3.3 

-3.6 

-4.0 -4.3 -4.4 -4.3 . .0 -3.7 

-3.4 

•3.2 

-2.9 

-2.9 

-2.3 

-2.2 

2<».0 

-2.2 

-2.4 

-3.0 

-3.7 

-4.4 

-5.0 

-5.5 

—6.0 —6*5 —6*7 —6*5 — t »0 —5.6 

-9.2 

-4.9 

-4.9 

-4.1 

-3.7 

-3.6 

26.0 

-3.0 

-3.2 

-3.6 

-4.7 

-5.5 

-6.3 

-6.9 

-7.6 -9.3 -8.6 -6.3 -7.7 -7.1 

-6.6 

-6.2 

-9.7 

•9.2 

-4.6 

-4.6 

ae.o 

-3.9 

-3.7 

-4.4 

-5.3 

-6.3 

-7.1 

-7.9 

-9.9 -4.6 -4.4 -4,6 -C.fl -8.1 

-7.6 

•7.1 

-6.6 

-6.0 

-9.9 

-9.3 

30.0 

-3.9 

-4.2 

-4.9 

-5.6 

-6.6 

-7.7 

-6.6 

-•>,9 -14,4 -10,8 -10,4 -9,5 -8.9 

-8.2 

•7.7 

-7.1 

-6.9 

-6.0 

-9.0 

32.0 

-4.4 

-4.7 

-5.3 

-6.3 

-7.3 

-8.2 

-9.1 

-lO.l -ll.l -11,5 -11,0 -10. 1 -4.3 

-8.7 

-6.2 

-7.6 

-7.0 

-6.9 

-6.3 

34.0 

-5.0 

-5.3 

-5.9 

-6.6 

-7.8 

-0.7 

-9.7 

-10.7 -11,7 -12,1 -11.7 -10. 8 -4.4 

-9.2 

-8.7 

-6.1 

-7.9 

-7.0 

-6.0 

36.0 

-5.8 

-6.0 

— 6.6 

-7.5 

-0.4 

-9.4 

-10.4 

-11.5 -12,4 -12.4 -12.4 -11.5 -10.6 

-9.9 

-9.3 

-8.7 

-6.1 

-7.7 

-7.9 

38.0 

-6. 7 

-6.9 

-7.5 

-8.3 

-9.3 

-10.3 

-11.3 

-1?.4 -13,4 -13.9 -13,3 -12,4 -11,5 

-10. 6 

•lO.l 

-9.9 

-9.0 

-0.6 

-0.4 

40.0 

-7.8 

-8.0 

-8.6 

-9.3 

-10.3 

-11.3 

-12.4 

-13.5 -14,9 -14,4 -14. <. -13.9 -12.6 

-11.8 

•ll.l 

-10.9 

-10.0 

—9 . 6 

•9.4 

42.0 

-3.7 

-9.1 

-7*6 

-10.3 

-11.2 

-12.3 

-13.3 

-14.9 -15.5 -15.4 -15.5 -14.9 '13.9 

-12.7 

-12.0 

-11.4 

-10.9 

-10.9 

-10.4 

4<».0 

-9.5 

-IC.O 

-U-.5 

-11.2 

-12.1 

-13.1 

-14.3 

-19.4 -16.4 -16.8 -li..4 -15.5 -14.5 

-13.6 

-12.9 

-12.3 

-11.7 

-11.4 

-11.3 

4 6 • C 

-1C. 7 

-1C. 9 

-11.3 

-12.0 

-12.9 

-14.0 

-15.x 

-16.3 -17.3 -17.7 -17.3 -16.3 -15.3 

-14.6 

-13.7 

-13.0 

-12.9 

-12*2 

•12.1 

42.0 

-li.5 

-11.7 

-12.1 

-12.8 

-13.7 

-14.7 

-16.9 

-17.1 -19.1 -16.5 -18.1 -17.1 -16.1 

•19.2 

-14.4 

-13.6 

-13.3 

-13.0 

•12.9 

90.0 

-12.3 

-12.5 

-12.9 

-13.5 

-14.4 

-15.5 

— 16.6 

-17.4 -19.4 -19.3 -18.8 -17.9 -16.9 

-19.9 

-19*1 

-14.9 

-14.0 

-13.7 

-13.6 

92.0 

-13.0 

-13.2 

-13.6 

-14.2 

-15.1 

-16.1 

-17.3 

-19.6 -14.6 -20.0 -14.6 -18.6 -17.5 

-16.6 

-19.8 

-19.1 

-14.6 

-14.3 

-14.2 

54.C 

-13.7 

-13.d 

-14.2 

-14.9 

-15.7 

-16.0 

-18,0 

-14,2 -20.3 -20,7 -20.2 -14.3 -18,2 

-17.2 

-16.4 

-19.7 

-19.3 

-19.0 

-14.9 

96,C 

-14.3 

-14.5 

-14.9 

-15.5 

-16.3 

-17.4 

-18.6 

-14,9 -29,4 -21,3 -20.9 -14.9 -18.6 

-17. e 

-17. 0 

-16.4 

-19.9 

-19.6 

-19.9 

5^.0 

-19.0 

-15.1 

-15.5 

-16.} 

-16.9 

-13.0 

-19.2 

-2C.5 -21,9 -21,9 -2 5 -20.5 -19.4 

-13.4 

-17.6 

-16.9 

-16.5 

-16.2 

-16.1 

0 • 0 

-15.5 

-15.7 

-16.1 

-16.7 

-17.5 

-13.6 

-19.6 

-21.0 -22,1 -22.9 -22.1 -21,1 -20.0 

-19.0 

-18.2 

-17.9 

-17.1 

-16.6 

-16.7 

62#C 

-It.l 

-16.3 

—1 6*6 

-17.2 

-16.1 

-19.x 

-20.3 

-21.6 -22.7 -23.1 -22.7 -21.7 -20.6 

-19.6 

-18.6 

•16.1 

-17*6 

-17.4 

•17.3 

64.C 

-16.7 

•16.8 

-17.2 

-17.8 

-IB.6 

-19.7 

-20.9 

-22,2 -23.3 -23,7 -23.3 -22.3 -21.2 

-20.2 

-19. A 

-18.7 

-16.2 

-16*0 

-17.9 

46.0 

-17.3 

-17.4 

-17.8 

-16.4 

-19.2 

-20.3 

-21.5 

-22.8 -23.9 -24,3 -23.9 -23.0 -21.4 

-20.6 

-20.0 

-19.3 

•16.9 

-16.6 

-10.9 

68.0 

-17.9 

-18.0 

-16.4 

-19. C 

-19.8 

-20.9 

- 22 .x 

-23.4 -24.9 -25.0 -24,6 -23.6 -22,5 

-21.9 

-20.9 

-20.0 

-19.5 

-19.2 

-19.2 

70.0 

-16.5 

-18.6 

-19.0 

-19.6 

-20.4 

-21.5 

-22.7 

-24,0 -25.1 -25,6 -25,3 -24.3 -23,2 

•22.2 

-21.4 

-20.7 

•20.2 

-20.0 

-19.9 
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LIST OF SYMBOLS AND ABBREVIATIONS 

first regression parameter for zeroth-order harmonic 

second regression parameter for zeroth-order harmonic A^^ 

zeroth-order harmonic of the capillary wavenumber spectrum 

at the point of minimum phase speed, in cm^ 

ratio of the first-order to the zeroth-order harmonic of the 

capillary wavenumber spectrum 

Advance Application Flight Experiment 

capillary wave straining coefficient 

covariance between Ith and Jth generalized parameters 

differential solid angle in n space 

differential area in surface-slope space 

differential in generalized parameter space 

regional horizontal polarization unit vector 

regional vertical polarization unit vector 

incident polarization unit vector 

scattered polarization unit vector 

NRCS function, in decibels 

NRCS function, in logarithm 

regional capillary wavenumber spectrum, in 

probability exponent 

Bragg scatterinv intergrand 

index denoting wind-sea state 

first index denoting generalized parameter 

index dent't ing NRCS measurement 
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J 

JONSWAP 

k 

«^s 

£ 

m 

n 

n 

NRCS 

P 

?(•••) 

Pn (--0 

pdf 

q 

R 


rms 


s 


0 


s 


1 


Sb 


(...) 


Sc 


s 


C 


s 


£ 

c 


second index denoting generalized parameter 

Joint North Atlantic Sea Wave Project 

radiation wavenumber, in cm*^ 

incident propagation unit vector 

scattered propagation unit vector 

summation index for steepest descent calculation 

total number of generalized parameters 

total number of generalized measurements 

regional surface-normal unit vector 

regional surface-normal unit vector function 

unit normal to mean sea surface subtended by the radar footprint 
normalized radar cross section 
NRCS model parameter 

generalized probability density function 

probability density function for the regional surface normal n 

probability density function for the regional surface slopes 

probability density function 

power law for capillary wavenumber spectrum 

power reflection coefficient, equals Sg(***) 

root mean squared 

first regression parameter for total rms slope S 

second regression parameter for total rms sloj e S 

total rms regional slope 

Bragg scattering function 

crosswind regional surface slope 

rms crosswind regional surface slope 

crosswind surface slopes for steepest desctnil calculation 
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S.. 


sd 

t 

u(***) 

U 

U 

I'* 


b 

Sh 

.b 

'w 


AU 


t 


n 



I 


ic 


geometric-optics scatterinp. function 
upwind regional surface slope 
rms upwind regional surf;ue slope 

upwind toi*rface slopes for steepest descent calculation 
standard deviation 

Bragg scattering breakdown parameter 
unit step function 

actual friction velocity, in logarithm of cm/sec 
measured friction velocity, in logarithm of cm/sec 
friction wlocity, r*agnitude of U*, in cm/sec 
friction velocitv vector pointing upwind, in cm/sec 
generalized parameter 
generalized measurement 

horizontal polarization Bragg backscatter matrix element 
vertical polarization Bragg backscatter matrix element 
first spline parameter 

standard deviation in friction velocity measurement, in 
logarithm of cm/sec 

standard deviation in the NRCS, in logarithm 
standard deviation in wind direction measurement, in degrees 
relative permittivity of the air-sea interface 
num’ er of NRCS measurements 

incidence angle for Bragg scattering breakdown 

incidence angle 

regional incidence angle 

index denoting generalized measurement 

capillary wavenumber, magnitude of in cm"^ 
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tr 






’ r 
X 

\ 


capillary vector wavenumber. In cm“^ 

Bragg wavenumber, magnitude of k, , in 

b 

Brag» vector wavenumber, in 

capillary wavenumber corresponding to minimum phase speed, 
3*63 

number of NRCS model parameters 
number of wind-sea states 

number of NRCS measurements for ith wind-sea state 

3.1A ••• 

ratio of the rms crosswind to upwind surface slopes 

actual normalized radar cross section, in logarithm 

measured normalized radar cross section, in logarithm 

total normalized radar cross section, in ratio 

Bragg normalized radar cross section, in ratio 

geometric-optics normalized radar cross section, in ratio 

second spline parameter 

relative azimuth angle 

actual wind direction, in degrees 

measured wind direction, in degrees 

polar angle for capillarv wavenumber spectrum 
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